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INTRODUCTIOX 

ine army cutworm (Ckorizagrotu anxiliaris Grotc) occupies a promi- 
nent place among the pests of staple crops in the Xorthwest. Serious 
outbreaks have occurred at irregular inter\’als, and more or less damage 
is done nearly every year. Our knowledge of the life history of ihe 
species has been very incomplete, and further facts are obviously needed. 
The purpose of the present article is to present the results of studies 
made during several years and particularly some observations made in 
1915 on the egg-laying habits of the species, together with their liearing 
on the question of the number of broods in the annual cycle. 

SCIENTIFIC NAME OF THE SPECIES 

In previous years the writer has rcpcafcrlly reared to the adult stage 
laiv-ai which had been taken in destructive colonies of this insect, Among 
these he has found forms corresponding with descriptions of Choriza- 
grolis anxiliaris, C. agrestis, and C. infrajcrcns. Moths reared from 
much-rubbed parents caught in the fall of 1915. as recorded below, 
when determined were found lo include at least two of these forms, 
Gillette^ states that he had found these forms occurring together in 
colonies in Colorado. For these reasons and because C. anxilkiris has 
priority, this name has been used to designate this insect in the present 
paper. 

PREVIOUS EXPERI.MENTAL EFFORTS 

The attempts of tlie writer to obtain information regarding the life 
history of this species, and particularh' regarding the egg-laying liahils, 
date back for several years, and a brief summary of these ellorts may be 

' Ssnee onnpicting this manuscript and just as it is about to bi- iiiYficU Jor publicatii'n, iht' wni.T 
rKcived a copy of Sliickland’s exceJIcnt piipit. wliidi ar.-ers somewhac (lie sauie i;rouii!l. fStn.Ll.,iid. 

H.. 'rhe anny cutworm, Euxoa (Chorizagrotis) auxituris Grotc. Can.-.da Di'iit. Ai;r. E:u. lirsn.h. 
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of benefit to any who have occasion to search for the eggs of other Xoc- 
tuidac. On account of the irregular occurrence of the species, it has 
been quite impossible to depend upon getting a supply of living speci, 
mens for study when wanted, and a continuous effort in the search for 
the facts desired has been out of the question. In the nature of the case, 
instead of laying out and following a definite plan of study the successful 
pursuit of which would certainly lead to the results desired, it has been 
necessary to rely largely upon scattering observations made through 
several years as opportunity was afforded. 

The first attempt to obtain the early stages was made in 1907, when, 
in the writer’s first experience with an outbreak of the species, a large 
nunrber of moths originating from larv® which had been brought ia 
during the fall, were reared during the winter in the insectary and were 
held in large Riley-type cages in order that they might have an oppor- 
tunil\’ to lay eggs. All of the moths died within a few days, and no eggs 
were laid. In the spring several hundred larvs were brought in from 
grain fields and fed to maturity. The moths which emerged were left 
m the cages aud given water and a variety of plants upon w hich to lay 
eggs. Again the moths died without laying eggs. 

Several exprlanations for the failure suggested tliemselves. It was 
thouglit possible that the moths were not normal because of having 
been reared in confinement. A number of female moths were dissected 
for the purpose of examining the ovaries, and it was found that the ova 
were immature. The idea suggested itself that the failure to develop 
ova was the outworking of some little understood principle of periodicity 
in the occurrence of the species, and it was also thought that Ihc absence 
of mature ova might be due simply to tlie lack of food after the emergence 


of the adults. 

In the spring of 1910 there was a destructive colony of the larwe 8 
miles west of Bozeman, and plans were laid to recover a supply of the 
pup'.e from the soil, allow them to emerge in confinement, and attenilk 
to feed the adults on honey water to get them to grow ova. Our tnp 
to the field to secure pupae was not correctly timed, and the moths hat 
already emerged. Accordingly, aii attempt was then made to obtam 
moths by catching them at night near the same field. A special trap 
lidit was arranged, consisting of a wooden box 18 inches square and 12 
inches high with an S-inch circular hole in the lop into which was in 
serted a large fnnnel-shapcd tin with a 2-inch opening at the bottoni. 
Above the fimnel was placed an acetylene light from a 
This furnished a very strong light, and the night was favorable, 
writer and an assistant went to the field, expecliiig to speii m a 
They remained until between 12 and i o’clock, but only a ew ‘ 

anv kind came, and none of C. uitxiliaris. As no encounigenien 
ever was received, even though it was known that many thousands ol 
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j„eths had emerged recently in the vicinity, tin experiment was 

abandoned. 

On numerous occasions attempts have been made lo fiml moths in 
the field in the act of deirositing eggs, either on crops or on vegetation 
on virgin sod. Much time has also been spent in searching ioi-'’c-r;r5 on 
grasses, clover, alfalfa, stools of volunteer grain, and other culilvited 
plants. A few eggs of other noctuids have been found, but none of this 
species. 

^ CAGE EXPERIMENTS 

In April and May, 1915, there occurred in Montana a ■•videspread and 
very severe outbreak of the army ciitivorm. Moving armies of the 
lirvai were reported daily, and many thousands of acres of fall wheat 
were eaten off during April and .May, so that it was possible to obtain a 
supply of the living insects for study. Plans were made for a twofold 
effort in connection with the outbreak. It was decided to install several 
large cages outdoors and by any means possible to obtain adult moths 
of both .sexes, place them in the cages, and attempt to feed and keep 
them alive until they should lay eggs, correlating the observations made 
in these cages with notes from the field. 

Three large cages 24 inches square by 40 inches high were installed on 
the lawn near the insectary. These are of finc-riiesh brass screening and 
are fastened to the earth by a broad baseboard which is inserted in the 
soil. A large door fdls one side and in this door is a smaller one, suffi- 
cientl.v large to permit the insertion of the hand. On the 24lh of April 
28 larva were placed in cage 2 and 53 in cage 3. These worms had been 
collected from two fields at Willow Creek, Mont. They were fed regu- 
larly, but did not do well. It has been repeatedly found that it is diffi- 
cult to rear a large proportion of these caterpillars when led in a body in 
one cage. For this reason in rearing record specimens the writer has 
adopted the method of feeding the caterjoillars indir idually in tin bo.vcs 
and by so doing has brought nearly every iridhidual to maturity. 
None of these caterpillars pupated in the large cages. 

On June 10 about 300 pup.'e which had been taken from the soil in 
a field at Willow Creek were brought lo Bo/eman and ])laa‘d in cages 
I and 2, Not one of these emerged. When examined, they were dead 
and decayed. They had been pilaced individuallv in holes in the soil 
"ith the anterior end uppermost — ^a method which has been used with 
dry soil with much success in indoor rearing. It is possible that rains 
had closed the holes and ininred the pujae bv jjuddliug the earth around 
them. On the noth of June, 13 moths which had been reared in llm insec- 
tary were placqd in cage i, and on July ly about 50 moths which were 
captured out of doors at Willorv Creek were divided between cages i and 2. 
Itwashoped thatsomeof tliesewouldgrowovaanddepositeggs. .Sponges 
saturated with honey water were placed in ihc cages daily and cio\ er 
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blossoms were picked and put in fresh each day. A variety of plants 
in small pots were placed in the cages, and as some of these blussonitd, 
it is probable that they would furnish more or less nectar on v.hichthe 
moths might feed. The general condition in these cages certainly 
closely simulated complete liberty than coidd have been provided in the 
insectary. 

The writer was at first much disappointed in the results obtained, 
for by repeated examinations of the vegetation which had been placed 
in the cages, he was unable to find any eggs. The moths lived on, 
however, and served a very valuable purpose in indicating that the 
normal life of the moth in the open might be much longer than had been 
thought. While the moths gradually died off during the summer, 
many were alive on August 1 6, and several were seen as late as Se-pteraber 
21 . A pair was seen in copulation on August lo. Since no eg,gs had 
been found in the cages, the fact that the moths lived on until so late 
also suggested that perhaps the period between the emergence of the 
adult and oviiaosition might be much longer than had been suspected. 
The writer therefore determined to look tor the moths in the fields late 
in the summer. 

After eggs had been found in the field, as recorded below, a very 
careful search on the soil in the cages was made, but without finding 

any eggs. FIELD OBSERVATIONS IN' 1015 

Durimr the season of 191.S the writer had an especially good oppor- 
tunitv to make observations in the field in connection with various trips 
to different parts of the State lo aid farmers in the control of the cutworm 
and to collect material for the cages at Bozeman. 

All through the summer, since some of the moths were still alive m 
the cages, the moths in ihe field or any clue that might indicate the 
time and place of egg laying were looked for. No moths were seen, 
except in or near fields which had been damaged, and even there none 
could be found a few weeks after the emergence ot the moths On 
Tulv If. and 17, nioths were seen in great abundance CreA 

and were found hiding under clods of earth in the grant fields. .U this 
time the last of the moths were just emerging, and some pupie coind ) 
be found. The same field was visited again on August 3, but no In » 
moths could be found. Since the previous visit there had been a 
rain, and bv turning over clods ot soil, many dead mo ^ 

which had been trapped there. Since moths ^ 
dantly in this locality on July 16 and 17, it was thought 
might be found. A careful, extended search, however, reveal^ . 
Another search for eggs and young cutworms was made 
on September 21, but was entirely without results. 

On Tulv 17 the headlights of an automobile were used 
ilia." ittempVto attract the moths in the field, but without much succe 
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Iti the early part of the evening one moth was caught, 
came up, preventmg further search. 

Prom this time until late in September, as recorded helotr no raotl • 
were seen out of doors either at Willow Creek or elst-when- in’ the State' 
,^n electric-light moth trap was kept in use on fair, uann ni<dUs at Bwe 
man all summer, but no moths of this species were captureil until lat"e 
in September. Gillette’ mentions ubat he considers to be tivo broods 
of the moths, one occurring between April i6 and Jnlv and the other 
between September 13 and October 12. Wolley-Dod ’ records the cap- 
ture of C. auxiliaris, C. introferms, and C. aoreUi, i,, Alberta, Canada' in 
June and July and states that one specimen each of C. introjmns and C 
agteslis was captured on September 9. One individual of C. aqratu was 
captured on May 19. Gillette also points out thal he had been unable 
to find fully developed ova in the females of the first brood, though 
hundreds were dissected and examined, while dissected specimens of 
the fall brood, almost without exception, contained fully formed ova. 
This observ’ation is of much importance and has been verified bv the 
present author as stated elsewhere. It gives strong support to the 
conclusions of the present paper regarding the number of broods in the 
annual cycle. It also indicated that the o\a are developed on food 
obtained as an adult rather than as a larva. 

' OBSERVATIO.M.S OX THE EGG-LAVIN'C HABITS OF THE SFRCIES 

On .September .30 Assistant Entomologist J. R. Parker, of the Montana 
Station, while out on (he college farm, saw noctnid moths fil ing in fair 
abundance. One was captured and brought in. On close examination 
it turned out to be a mucli-nilibed female of C. auxiliaris. Mr, Parker 
and the writer returned to the field at once to watch the moths. They 
were laying eggs in abundance directly upon the soil -not on plants, as 
had been expected. During the next few days extended definite obsen-a- 
tions on the egg-laying habits of the species were made on the college 
farm. 

Several pieces of land had been recently plowed and harrowed. One 
field of 10 to 12 acres had been particularly well prepared for seeding 
some (lays earlier and was nearlv free from vegetation, though a few 
grains and weed seedlings and grasses were to be found. The moths were 
seen in abundance on the soil in this field in f.eir weather dav after day. 

Egg laying was confined to the warm afternoons, and the moths were 
most active, in the latter part of the dav. from 3 o'clock until sunset. 
The mornings in October in Bozeman are gencrallv quite cold, but a few 
"arm forenoons occurred during which an unsuccessful attempt was 
made to observe egg laving in the field. Bv looking toward the west into 

Cillrtte. C. P, Some ol (he more imnorl.mit iiio,c(e tii jam. J‘i C.-lo. .X;r, llxp, .x,.,. Hut yj [Tcuh. 

.90,. 

"olley-Dod, F. H, Prelimniary li.toi the Macro-Lepidopier.rci X.-W, T. /n Cuiiud. Eat.. 

■ a. eo. a, p. .,5. 1905. 
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the Riin's rays during llie late afternoon many moths could be seen 
or walking along the surface of the soil. The moths were repeatediv 
to fly into the field from the grasslands or stubble fields adjoininir^*^*^^ 
stop in the tilled field, where they immediately began to lay eggs 
times they laid eggs on the bare earth of the roads on the collecvg 

The moths also laid eggs in one field on the college farm jusrafter ‘ 
was plowed. Not once was a moth seen to lay eggs on anv green plant 
or in any green field or stubble field ; nor were any eggs found in stioh 
fields, .\gain and again, while watching the moths laving eggs at doq 
range in the tilled field, they were seen to pass close by different kinds of 
vegetation without pausing. It was perfectly evident that they pre 
ferred to la\' the eggs in the soil. By being careful one could witness the 
egg la\ing in detail by following along on hands and knees as a nioih 
alternately paused to lay eggs and walked for a short distance. H\- 
the greater number of the eggs were placed on the surface of the soil, often 
on small clods of earth, the moth standing on the clod and bendin» the 
abdomen downward and often tucking the eggs on the underside of the 
clod. Generally one or two eggs were laid on one spot, a few seconds 
being taken for the process. Sometimes but not always the moth frisked 
the tip of the abdomen back and forth sidewise repeatedlv across the 
spot where tlie eggs wore laid, thus dusting them and leaving a few scales 
from tlie clothing of tire insect. The bright, glistening- white eggs are thus 
obscured. Some of the eggs were laid just beiuath the surface oi the 
soil. This could be done only where tlie soil had been pulverized, and 
in accomplishing it tlic ovipositor is thrust down through the sudace of 
the soil and left for a few seconds. It is difficult to find such eggs under 
the surface of the soil, cv<-!i when the spot is seen and the examination h 
made at once. One egg was found on a piece of dead straw. Generally 
only' one to three were laid in one place, but in one case a moth depe^ited 
many eggs in soft soil within the space of a few square inches, 

From the lunnber of molhs seen on the field and the number of davs 
egg laying coniiuued, it was roughly estimated that at least one or two 
eggs per square foot were laid in tliis field, By carefully searching a 
spot selected at random, eggs, almost certainly of this species, could be 
found. Four different persons, including the writer, have fouucl eggs 
on the soil without having seen the moths deposit them. Both sexes 
were found among the moths captured in the field during the period oi 
egg laying. 

From these observations it can not bo said that the eggs are. neces- 
sarily always laid on bare or broken soil. In fact, it is alino'^t certain 
that they arc sometimes laid in abundance where newly plowed or newh 
harrowed soil is not available. A field of alfalfa badly infested with these 
cutworms was seen in Utah by the writer in May of the present year 
(1916’), but no soil that could have been plowed last fall was anywhere m 
the vicinity'. However, the stand of alfalfa was very scattering, leaung 
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much bare soil between the plants. A inuch-travded road near hv 
probably did not account tor the presence of the worms 1 1 seems' ' 
likdy that the eggs were laid on the bare patches of soil i„ the alfalfa field 

There can Itc no doubt as to the specific identity of thr moths that were 
observed, for many taken m the act of egg laying were carried mto the 
insectary and placed m chimney cages, where tli« laid e^s i„ la,,,e 
numbers. Larva; hatching from these eggs were ■reared tr ,nalu„tt 
and the moths were obtained and all identified as belonging to t his species’ 
A few moths of other species were seen in the field during ihesc obscri 
vations, but none except C. anxiliaris were seen to deposit eggs. 

atmospheric TE-'IPERATIjRE DURI.VC OyiPO.SITIOy 

No very definite temperature limits to ovipositiou can be .slated 
Thermometers were taken into the field and observed from iniic to Ume 
as the moths were being watched. The tciiiperauire during the rapid 
oviposition generally ranged between 55' and 70' F. A tcmperauire of 
60° to 70° at 4 or 5 o’clock p. 111., with little or 110 wiiiil stirring, insured 
great activity of the moths. W hen the sun set, the teinperaiure dreprped 
rapidly, and the moths sought shelter under clods and in cracks in the 
soil, very few being found still active in a lemperature between 45’ and 
50“. Egg laying ceased at about 40=, though tlm moths were seen to 
fly at lower temiieratures if ilisUirbed. WTiotlii r or not the moths would 
continue active after dark if the temperature were favorable can not be 
stated. 

DESCRIPTION or THE EGG 

Viewed from above, the egg is circular in outline: but when \-iewcd 
from the side, it is very nearly elliptical, the shape varying from an 
eOipse only by being slightly flattened on the side on which it rests, which 
is opposite the micropile. It measures 0,62 mm. in diameter bv 0.52 nini. 
in height. The color when the egg is first laid is wiiite tinged w ith willow, 
but before hatching the dark embryo shows through, giving the effect of a 
darker color. Surface markings on the chorion arc very obscure. They 
are invisible under a hand lens magnifying 16 diameters. When view t il 
by reflected light under a compound microscope or lUKlcr the. high jrower 
of a binocular microscope, a very faint rei iculatiuu nun- be seen. This 
is more distinct in the shells of hatched eggs, in w liicii the pattern often 
may be very clearly seen. Xo ridges radiating from the ajx.v or ojiper 
part of the egg, such as may often be seen in iioctuid e<^gs, have been 
found in this species. 

EGG-LAYIXC. HABITS IX COXFIXTiKuYT 

The moths taken into the inscctary and put in cages iverc quite irregu- 
lar in their egg laying. In general, two or throe da\ s v/ero passed with- 
out la>ing eggs; then a large number were laid within a low lionr', aUer 
^'hich the moths soon died. Clover blossoms ucio placed in the cages, 
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and the moths were seen to be apparently feeding on the nectar 
field during the same period the moths were seen to pause in their flioh^ 
from field to field and visit blossoms of sucli plants as mustard and clov 

The various lots of eggs were allowed to hatch and the lan^te were 
reared in the greenhouse during the winter. Critical notes on iiistars 
and stadia were also made for later publication. 

DURATION OR THE EGG-LAYING PERIOD 

It is not probable that the writer observed the very beginning of the 
egg-laying period when, on September 30, the first moths were seen to be 
laying. It is altogether probable that the period began some days earlier 
and there is no absolute evidence that egg laying Iiad not been in procuress 
for some weeks. It is quite clear, however, that the period closed about 
October 14, when a cold spell with rain occurred. When the weather 
cleared again, observations were resumed in the fields, but only a few 
scattering moths coidd be found, even though the temperature was 
favorable. October S was noted as the date on which the maximum 
actiN-it}- of moths and egg laying was obser\’ed, and some eggs were laid 
as late as October 12. It may Ijc safely stated that the egg-laying period 
is t^vo weeks or more in duration. 

NUMBER OF EGGS LAID 

A detailed record of tlic number of eggs laid by individual moths was 
not made, as several circumstances in connection with the methods used 
interposed to make this dilliciilt. Tlic writer was inhuenced also by the 
fact that the moths had laid a part of their full number of eggs before 
being confined, which made it impossible to get complete data. The 
largest number actually counted was 252, all laid during one night, but 
this probablv falls consitlerably below the actual maximum number. 
From this the number varies down to a very few, which may be accounted 
for in part bv the moths having laid eggs in (lie field before being captured. 
The moth tliat laid 252 eggs died soon after and was dissected, the 
ovaries showing main immature ova. 

DUIUVriON OF THE INXUBATION PERIOD 

The writer has coniplcLe records of the duration of incubation in 23 
lots of eggs. A part of these were kept in the iiiscctary and a part in 
an outdoor shelter. Tlie minimum period recorded is 9 days, the maxi- 
nunn 21 days, and the average 16.77 days. The wide variation shown 
is striking and can probably be explained. The egg lots were kept dur- 
ing incubation in small tin boxes which svere opened and exainined daih. 
It was obser\-cd that many eggs were badly shrunken, and the datk 
embrvos could be seen through the chorion. It was decided to add a 
verv small amount of water to each box, as it \vas feared that the eggs 
would die from dryness. Accordingly, i to 3 drops of water were place 



Sept. i. 




Life History of Army Cutuvnn 

■„ each of the boxes and the eggs hatched nhhin a le.v hours Jt seemed 
to be cleat that incubation had been completed some davs earlier i„ 
some of the lots, but that the young caterpillars had been prevented 
irom issuing until sufficient moisture was present, 'thus, some hatched 
P, white others hatched in 21 days. Those in the outdoor shelter 
hatched as soon as those mside. It is probable that 9 or 10 days is 
about the correct incubation period. 

No field data on the iucubation period are available. Repeated 
searching revealed no newly hatched cateriiillars in helds where numerous 
eggs were knosvn to have been laid. It is very interesting to note also 
that no larvs could be found this spring in the field on the college lurm 
where the eggs are known to have been laid Iasi fail. 

LARVAL FEEDING l.\ THE FALL 

Only scaitering records of larvae in the fall are available, but these are 
oi considerable interest. In the fall of 1905 the very small larvm ot this 
species did some damage in the northern part of Gallatin Valley. Set cral 
lots oi the larvae were received at the Experiment Station in November, 
and reports of their occurrence had reached it in October. One lot was 
reared to the adult condition. This is the only case known here in which 
the larva have attracted the attention oi the farmers in the iall, and in 
this case the knowledge of their presence served as a useful w arning ot 
their cnimiig in destructive numbers the next spring. The fall of 1906 
was unusually dry and warm, the mild weather continuing until late. 
The. larvae continued feeding until December b. 

On November 4 and 5, 191, s, an assistant was able to find !ar\-$ in 
nearly every field of grain examined in Fergus County. They were not 
very abundant, but were eaisily found by the holes eaten in the leaves. 
At this time the worms were very small, probably in the second instar. 
Cold weather occurred soon afterward and lan'ai feeding must have 
ceased. On April 10, 1916, some of the same fields were visited again 
and the larvae were still very small. They certainly were very much 
smaller than on the same date in 1915. It is dear that there is a con- 
siderable variation in the size reached before winter sets in and, hence, 
in the size of the lan-s in the spring. 

HIBBR-VATIOX OF THE INSECT 

From the foregoing and from Johnson’s observations^ it is clearly 
evident that the insect hibernates as a panlv grown larva. 

it has been stated above that in the fall ot 1906 the larwc fed until 
December 6. The feeding of the catcrpillais ceased with the coining oi a 
snowstorm, A field which had been visited only a few da\ s before and 
which was known to contain many larvie was c.xatuined after this storm. 
The snow was swept awav with a broom, and the larvae were found on 

' Juboson, S. A. CutAVormii. /•} Cola. A;: Es? ^’-a. tial. yb, y 'b- 'tf-fi- 
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and near the surface of the soil in a torpid condition. When taken into 
the hand, they immediately warmed up and began to crawl. Tliere was 
apparently an absence of any quiescence other than torpor induced by 

duration of LARVAh FEEDING IN THE .SPRING 

In Montana the larvtc resume activity with the beginning of Ihe growth 
of vegetation, which is generally in the latter part of March or early in 
April. In 1910 the first larvae from the field w-ere sent in on April 24. 
In 1915 the first to be received at the Experiment Station came on 
April 2. By April 15 the station was receiving many urgent requests for 
information regarding control, indicating that the worms were, very 
active. They continued in abundance in the field until about the third 
week in ^kpril and gradually disappeared until early in May, as indicated 
by many observations in the field and by the correspondence. In 19,5 
several lots of larr'se from various parts of the Stale were reared in the 
inscctary and began pupating on April 22 and continued until May 19, 
when the last had transformed. The greater part of these had pupated 
bv May 10. 

In general, the occurrence of the larvte in “armies” may be said to 
extend from April i to May 1. 


PUPATION AND EMERGENCE OF .\DULTS 

From the notes of the writer on the rearing and more especially from 
information regarding the disappearance of the lartiE in the field it is 
clearly evident that by the last week in April in average years the larvee 
are rapidly disappearing. Pupation takes place in an earthen cell about 
2 inches under the surface of the soil. I'he pupa always rests with the 
anterior end uppermost, and the molted skin lies beside it. 

The duration of the inipal stage, as indicated by the rearing records of 
many isolated individuals in the iusectary and not including reariiigs 
conducted during the winter months in an artificially heated greenhouse, 
varies from 43 to 63 days and averages 54-7 days. From field observa- 
tions tlie duration of this stage has been determined U he appro.xmiately 
60 da) s. The first week in May clearly marks the height of pupation out 
of doors On July 16 and 17 fresh moths were found in great abundance 
in tlic fields at Wi'llow Creek, while only a very few pupm could be found 
It may be safely assumed that the last of the moths w ere emerging about 
this date, and the height of emergence was during the lust week in Ju y 
The writer several times has noted that a small advantage ol temper 
ture markedly hastens the appearance of the moths of ^ns uiscct 
kept in a cool place, the emergence of the moths may be great ) e ^ 
That the time of emergence varies in different seasons is s own 
fact that on July 8, 1910, in attempting to get pupffi 8 wes 0. 

man it was found that the moths had all emerged. ‘ /id June, 

dry season. It is quite clear that the first of the mot 1 ^11“ 
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From the foregoing observations it is dearly evident that th- 
cutwonn passes through but one annual life cycle There i 
enough for a second brood to occur between the appearance of adullsin 
the early part of July and the laying of eggs about October i Xin . i 
is the sortest incubation period the writer has noted. The only accuraf 
data of the writer regarding the duration of the larval stage « ere obtained 
by rearing to maturity in a heated greenhouse in the winter of !oi--i6 
the various lots of eggs laid by moths in October, lyi 5. is believed I liat 

the larval period in the greenhouse was probabli shorter tl.an it ivould 
have been out of doors even in the summer time. The longest period 
recorded was 118 days, the shortest 96, and the average was 104 oh, lavs 
As stated above, the shortest pupal period secured in the indoor rcariii-s 
was 43 days, which added to the minimum periods gives 14, s daw while 
from July I to October i there are only 9: dai s, thus h aving a difference 
of 56 days. ^ Moreover, no larvie have been found at any tiiue during the 
summer which might belong to a second brood. 


Observations given in previous paragraphs which have a bearing on 
this question may he rccaiiitulatcd. .Moths caught in June and Julv are 
bright and fresh; those caught in the fall are rubbed and faded. The 
ovaries are immature in July, while in September and October thev are 
mature. Moths placed in cages at Bozeman in July and given honey 
water and clover blossoms daily lived until late in September. 

If it be assumed that the brood of moths emerging in June and Julv 
live over until fall, meantime growing ova, then the 12 months of the vear 
are all accounted for in one life cycle of the insect. 


SUMMARY 

From the foregoing observations the life history of the army cutworm 
(Chmzagrotis auxiliaris) may be summarized as follows : 

(1) Kgg laying was observed from .September 30 to October 12, but 
possibly occurred for some weeks previous to September 30. 

(2) The moths dc|X>sit the eggs directly upon the bare soil. 

(3) The incubation period is about nine days indoors, but hatching 
may be delayed by lack of sufficient moisture. 

(4) 1 he lan-ae feed for a variable period in the fall iviiich terminates 
with the onset of w inter. 

{5) The insect hibernates as a partly grown larva, 

(6) Activity is resumed by the larvte with the beginning of plant 
growth in the spring. 

(7) The larvte feed until about the first week in April, when they eiiU r 
the earth for pupation. 

( 8 ) The moths emerge from the latter part of June to the middle of July. 

(9) The moths live over until fall, growing o\a on food obtained as 
adults. 

(‘0.) The army cutworm is single brooded in Montana. 




APHIDOLETES MERIDIONALIS, ax IMPORTAXT DiPTT-RnT’e 
ENEMY OF APHIDS ’ 

Hy John J. Davis, 

Entomological Asoislanl. Cereal and Forage I nsca IneatigaUons. Bumu of linioinohgy 

INTRODUCTION 

The economic importance of Aphidoktes meyidwnalis Pelt was es 
tabUshed when the laiwae of this ceddom)iid fly were first obsen ed 
by the writer at Ea Fayette, Ind., on June 29, 19,2, destroying larwe 
colonics of Aphis sclariae and Uyalopkrus pruni on pliini (Prinnii'spp') 
Subsequent observations in the States of Iowa, IVisconsin, Illinois 
Michigan, and Indiana emphasize its value as an efficient agency in tlie 
natural control of Aphididae. 

While most of the data reported in this paper were obtained during 
July and August, 1912, it was imixissible to obtain a specific determina” 
tion of the species from specimens used in the experiments at that time 
but during the past season (1915) Dr. E. P. Felt has kindly determined 
it as Aphidoktes meridioniilis from living adults reared from larvie col- 
lected in the same locality and attacking the same kinds of aphids as 
those used in the experiments of 1912. Aphidoktes meridionalis was 
described by Dr. Felt in 1908 from adults reared from lan-te predacious 
on the tulip-tree aphis Qlacrosiphttm liiiodctidri Monl.).‘ 

ECONOMIC IMPORTANCE, NATUR.AL CHECKS, AND APHIDS ATTACKED 

The fact that each laiwa may destroy dozens of aphids and that these 
flies arc remarkably prolific makes this predator very important and 
valuable. Many instances were observed where aphid colonies were 
apparently completely destroyed. For example, on June 6, 1915, the 
undersides of leaves of catnip (S’cpela cataria I..) in the writer’s vard were 
completely covered with Aphis gossypii, and at that time Aphidokics 
meridionalis was just makin.g its appearance in numbers, the eggs and 
lanat up to half or possibly two-thirds grown being abundant. A week 
.later (June 13) very few aphids remained, and most of the predacious 
larvae had made cocoons on the undersides of leaves between the leaf 
veins or on the ground at the base of plants, and a few daws later only 
very rarely could a live aphid be found. A few svrphid larva;, an oc- 
casional coccinellid larva or adult, and some apiiidiine parasites were 
present, but the control of the aphis was apjKircntly due entirely to 
Aphidoktes merutwnalis. 

lOt.E.F, Studiesin Cccidomi-iidae II, In ijd Kpt. Sute Eiil, X. Y.. igc;. p, .vj, .157 
1 ^'. Stale 5I11S. Rul. „4), 

Jounial of AKricuItmal Research. 

Atrieultuie, Washinston, D. C 


\'d]. VI. Xo. i} 
iSt'pt. 1, 191& 
k;-4j. 
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AUhougb the fly is prolific and constitutes an effective check to th 
increase of aphids under favorable conditions, the adults are very frail 
and easily destroyed by unfavorable weather conditions, such as beati 
rains. They do not, as a rule, make their appearance in apjireciable 
numbers until the latter part of May and probably can not, therefore 
be considered as being so generally reliable as a natural means of con 
trol as are the hymenopterous enemies belonging to the subfamil • 
Aphidiinae. 

This cecidomydid is a general feeder, attacking almost any S]iecics of 
aphid available, but more often feeding on those which live gregariously 
upon their hosts. The writer’s records show that it attacks the followinff 
species: Aphis asclepiadis Fitch., A. avenae Fab., A. cardiii F., A. got 
,, sypii GIov., A. helia.nihi . 1 , 




//. - mai'dis Fitch A. setariac Thos., 

i/'f Cltailophorus negundinis Thos,, ffjal 

Icpicroits pruni Fab., Mamsiphum 
vF 'A granarium Kibby, .11. pisi, Kalt, ,1/, 

vVl ^ , . ■ • _ sonchclla Monh, \Iyzus pcrsicac 

/Am ?iu\z.,PhoiodonhHmnHSchr.,Rhopa- 

^ losiphum soiu-hi Oestl, Siphi flam 
I'orbes, Sipliocorync pastimeae L., 
ToxopUra {jruminum Rond, 

HISTORICAF SU.MMARY 

yiW' ll* '' Aside from systematic discussions, 

: ^ *1 written about 

^ Aphidolcks ineridionaHs. There can 

:r-ArhidPUusm,r,d,.nciu:u^^i^^^ that the Umti pre- 

Iwl 01 r.jpc; j. c^iT. CTfativ ciilarKwi. ^ 

dacious on Macrosiphiim pisi and 
referred to l>y Fletcher in his report for 1900 ‘ as a species of Diplosis 
were Aphuioli tes fncruiionalis, and this seems to be the first authentic 
record in economic literature. A short account of the habits of prob- 
ably the same sixecies as the one under discussion is given by \\ ebsier 
and Phillips,- wlio refer to it as an enemy of A/ysif^ /uToKcn anclof the 
spring grain aphis or “green bug” {Toxoptora graminum) and predict thai 
it may ])ossibly become an important factor in the control of T . 

The writer has referred to this species as an active enemy of the pea 
aphis iMiicrosiplmm pisi) and other writers have barely referred to it as 
predacious on aphids. 

' Fktcher, 3- T. Keport uf tht* nitinmiloKisl ami botaalst. 1900 . /u CJUi.ida Uxp. Fano^ Rpt^ 
p. 211. 1901 . , A- Wjir 

‘ Webster. F. M.. anil Plii]Jii»s. W. J. Hic spring grain-apais or " grecu bug.” U. S. nept . 

Em. Hul 110. p. 133. ii}\7. 

3 Davis, J. J. The pea aphis with relation to iurage crops. (J. S. Dept. -Vgr liul. P- tJ- 
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in color, 


The eggs (fig. i) arc very small, elliptical oval, chrome or rn-. 
paler at the extremities, and measure 0.104 mm. in ividtl, -uki’' ” 
in length. Tlrey are laid in dusters of from , to ,r on foliage 1 .',™ “si 
a colony of aphids or may be deposited 011 the dorsum of the aphid i, t 
as many as 7 having been noted on a single aphid. The rnmiber of ml 
Irdd by individual females was determined in tun , ,, ‘“T 


■o cases (Tal,le I), and it 
,5 eggs each, respectively. 

■ type 


laid by 

will be noticed that these females laid 1 16 and 1 
The cages used for obtaining eggs were of the ordinarv ‘•ehininey ’ 
and the results certainly were not above normal ami more likelv ive . 
below normal. The exact length of the egg stage was not aceuraldl 
determined, but from the approximate records given in Tallies I and II 
and from some more exact miscellaneous records the length of the ev'r 
period averages about three days. ’ 


'th^lBl.~R(cordso/eggso/i7ivifidiviJiialf:i>iahscf.\;yiiiiokiisn, 

Ind., 'Au'IuH, i()i2 


'■'■onalU; L<i Faydu, 


j Date 
maleand. 
Csge 1 fmak 
No. 1 were in* 
.uoiliieeili 
1 into j 
1 case. ! 

Date 
firbt lot 

o( 

1 were 
couated- 

N' um- 
ber. 

Hatchinc 
and rearing 
tei'iinU. 

JOT I. i 
76 ! 4 {n : Auk. * ■ 

Auk. t 

i 

55 ! 

1 

£k 2S hatch- 

76(4(5) 'i.tnf;. 2 ■ 

Atii;. 5 

J. i 

; iueAuK-6; 

iiduliii Auk. 

1 r.'- 23 . 

Ec:s hatch- 

' 



jnji Auk. 5 >: 
adults .All.: 
34 - 


tiai? • 
second ' 




IK o) .yum- 
Tvcie j her. 
ccmnicd. ' 


Hiti-hiii; 
ami ri-.ifin 
rcccifd'. 


and rc'itiiis 
record'. 


Ddte ' 

i ihifd ; ; Halt-bins 

' lot of Niijn-, and 

; ecu'j i ber, j nuirim; 

wre i I refoiil.i, 

I'uunieo. ' 


• 1 EjiS li.'.ltli- ■ A;:;, 
incAua.,-: ' 
adalisAut. 

A-i-Jil- Aa.;. ' Aug. 


Ad lilts 
Ana, 


. A (1 n 1 ts 
' Alls, 55. 


-!■ 1) , Auk. I 
^-.0 V\u;. g 


A d IS 1 1 5 
Auk. 


0 This pair was observ-ed in oopuU at : 


Immediately upon hatching the larva attacks the most convenient 
3 pliid, and at this stage of its life more oflen pierces the bodv of its host 
fro, a Ixneath, usually between the legs. Alter sucking the bodv liui(is 
imm the first aphid and killing it, the larva leisurely moves to another, 
tiis operation being continued until it becomes full grown. Tlie larva 
^^'a>sscems to move about cautiously, at the same time quickly tlirust- 
^\'ts tongiie-like anterior end in and out and to all sides much as does 
^^yfphid larva. When it locates its host it thrusts its proboscis into the 
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aphid and sucks the Ivody fluids until the aphid is dead and more or Iks 
shriveled. The victim seldom notices the presence of the latva, judging 
from outward indications. After the larva becomes one-tliird grown it 
usually punctures the aphid at one of the articulations of the legs, aiavorite 
point of attack being at the membranous joint connect- 
ing the tibia and femur (PI. CX, fig. 2). If the larva 
attacks the aphid at an articulation as above described, 
the latter seldom notices the attack ; but if the proboscis 
of the larva touches the wrong places, the aphid kicks 
about more or less for a few seconds. As a rule, several 
minutes are required for the larva to pump out most of 
the body juices of the host, but this time varies, depend- 
ing upon the relative sizes of the larva and its host. 
The aphid is often discarded by the larva soon after it 
has been killed and long before it has been sucked dry. 
To the naked eye the larva of Aphidoktes mcvidionalis 
(iig. 2) closely resembles such common cecidomyiids as 
the cloverleaf midge (Dasyneura trifolii Loew), hut 
differs sligtilly in coloration, being usually of a pale 
orange, varving from pale pinkish to a rather deep 
orange, and when mature measures approximately 3 
The length of the larval period varies, dependin,g upon 
the temperature and food su|iply; but according to observations of the 
writer it is between 7 and 1 1 days. 

When fully mature the larva spins a loose cocoon of silk mingled with 
aphid remair'is, attaching it to the leaf between the veins; or it descends 
to the ground and at or near the surface spins 
its cocoon (fig. 3), incorporating with it particles 
of dirt and trash. The larva pupates shortly 
after constructing the cocoon. The pupa (fig 
4), which is of an orange color, resembles other 
related cecidomyiids; it measures 2 mm. in 
length and its cocoon is 2.25 mm. long and 
1. 125 mm. wide. The length of the pupal 
stage v-aries, according to observations, between 
6 and 9 days. 

The adult (PI. CX, fig. i) may be popuiarly 
described as a small, frail midge, much resem- 
bling, to the casual observer, {Dasytwura) Kco- 
ccrata rhoduphaga Coq. the destructive rose midge, or the clovcr-see nm s- 
(Pasynctira Icgmninicola Lmtn.). Its length is 
for the male, and 1.8 mm. for the female; the body is pale aiic 
men has a decided pinkish tint. Copulation and egg laying seem 




Fig. 3. — Aphuiol(lcs 
meridiomlis: Lar\’a. 
dorsal view. Gfcal* 
ly enlarged. 

inm. in length. 
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at night— a.t least they have been obstrveil Ijy the mii^r only at 

although the cages \TCrc examined much more frcquHitlv ' ” ’ 

during the day. 

Egg laying continued over a period oi about 10 davs 
in 'chimney” cages, and the length of life of the midge 
under the same conditions was about 14 davs. Several 
unsuccessful attempts were made to induce unfertilired 
females to lay eggs, although fertilized females laid eggs 
readily, indicating that this species is probably not par- 
thenogenetic. 

As svill be seen from Table II, the total length of the 
life cycle from egg to adnit varied, in the re.gion in whicli 
it was studied, from 15 to 29 days, the average normal 
life cycle being about 18 to 20 days. The seasonal miin- e-, laimi vi„, , 
her of complete generations has not been determined, •'■“"'‘"‘'“'s''*' 
but there are evidently at least si.y complete generations annually, the 
winter being passed as larv® and possibly also as pupte within the cocoons, 

T.rBl.a n.—Ltni)lh of life cyck of Aphidokla mriJioiialK U rotM l,„i /n/r 
August, igi2 ' ’ J i 
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PLATK CX 
AphidoUtes mcridionalis: 

T, Adult female; a. Antenna of male, sViovring structure; f), tip of male 

abdomen. Greatly enlarged. (Redrawn after Webster and Phillips,) 

Fig_ 2 . Larva attacking a pea aphis {Macrosiphum pisi). (From Davis.} 
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TVFLUENCli ur BARNYARD .MANURE AND M'ATl'R 
UPON THE BACTERIAT ACTIVITIES OF THE SOIL 

Bv J E. Greaves, BacicriologiH. and B- G. Carter,* Assi.iani B^itioiogisi, Dc~ 

partmerti of Bacteriology, Utah Agricultural ExfymmuUStalion 
introduction 

The application of barnyard manure to a soil brings about a far-icaclting 
change within the soil. It has been found tlial, as an average*, i ton of 
barnyard manure contains lo or 12 pounds each of nitrogen and potassium 
and 2 or 3 pounds of phosphorus. It also carries other .substances of less 
importance which may be directly utilized by t!ie growing plant or which 
inav react with substairccs within the soil, clianging their solubility. 
This direct and indirect nutritive value of a manure is not its only function, 
for it changes greatly the physical structure of the soil. It improves tlie 
tilth of a clay soil by increasing the granulation within it, while in a sandy 
soil it tends to bind the particles together, making it less porous, Each 
of these changes react upon the water-holding capacity and the capillarity 
of the soil, greatly altering the aeration of the soil and with it the tempera- 
ture. 

The biological changes which the nianiire produces in the soil, especially 
\Yben small quantities are added, may be more far-rcacliing than either 
the chemical or physical changes which it produces. Every pound of 
jnamire carries with it to the soil millions of bacteria, Many of these will 
find the new conditions unsuiicd for their growth, but some will continue 
to multiply, and in so doing not only will decompose the constituents of 
the manure but also will greatly alter other organic and inorganic sub- 
stances of the soil. Hence, the bacterial content of the soil is changed 
both quantitatively and qualitatively. There are added with the manure 
many new species, and the changed physical and chemical conditions of 
the soil due to the manure will greatly modify those already present, for 
the microflora and fauna originally present in the soil were due to spccibc 
properties of the soil. 

This changed flora and fauna will in turn change the chemical ond phys- 
ical properties of the soil still more. Acids are generated, which react 
with insoluble constituents, rendering them soluble. Gases are formed, 
which change the air within the soil; and in these reactions heat is gen- 
erated, thus changing the temperature of the soil. Hie nietaholisin 01 
the bacterial cell requires nutritive substances, among whicli arc water 

* The autbois wish to express their appreciation oi the tinrtness of Dr F. S. Harris, oi the L tah )--xpc) i- 
’“‘■ni Station, in plarinK at their disposal the plots uswl in this inve5tiiF:li''n Ami a!.^ Uh‘ rtM.rd!; uf trui- 
rotcl and jdold, for it is this assistsnoe which has m.uic pcssibic this investiiiii on. 
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and the elements essential to plant growth. Some soluble constitaints 
will be changed to insoluble and some inorganic to organic. All of Lhese 
changes must lac reflected in the yield of the crop produced. 

This investigation was undertaken to throw more light on some 01 these 
changes, especially the influence of manure in the presence of varvin; 
quantities of water upon the bacterial activities of the soil, and it may be 
seen by an examination of the more important literature on the subject 
that with respect to the control of both manure and moisture this exiari- 
nient is unique. 

HISTORICAL REVIEW 


That the addition of manure to a soil increases the mmiber of bacteria 
has been shown bv Remy ‘ (.t7, P- h6o-73,t) and Fischer (13, p, 33?), 
Caron (6) found that the number of bacteria present depends not only 
upon the manure added but niton the cultural methods and the crop 
groivn upon the soil. Fabricius and Von Feilitzen (12) found that bac- 
teria increased in the soil on the addition of manure and that a direct 
relationship existed between the temperature of a soil and the number of 
bacteria found in it. That the temperature of the soil is iiiniicnced by 
the addition of manure is shown by Wagner (47), who observed that 
manure increased the temperature of soil from i to 2.8 degrees centigrade, 
depending on the kind and condition of manure added. Troop (44) noted 
an average increase of 5 degrees in temperature of soil receiving 25 tons per 
acre of manure over unmanured soil. Petit (35), however, claimed that, 
while there was at first an increase in the temperature of manured soils, 
later it became lower than the unmanured. Stigell (41) concluded that 
bacteria under favorable conditions for development retarded the 
conduction of heat in soils and thereby reduced the temperature changes 
due to the variation in the outside temperature. 'I'his in a way might 
neutralize the clTcct of manure, for Hecker (20) found that while the 
temperature of soil to which well-rotted manure had been added was higher 
than adjacent unmanured soil during the day, the opposite was true dur- 
inv the night. Grazia (17) stated that manures greatly increase die 
temperature of the soil. King (26) found that a definite increase m 
bacterial activity occurred with increased temperature, but that an 
excessive moisture content greatly reduced the number ot baetena m a 
soil. Engbcrding (11) claimed that manure increased the ^1™“” 
bacteria in a soil, but he considered that the moisture conten la 
greater influence on numbers than did temperature. That the moist- 
content greatly influenced bacterial activity was shown by 
Deinoussy (9), who found that the bacterial action of a soi 1. 
niaxiiiium when a rich soil contained 17 per cent ot wa J' , 
decreased if the proportion of water fell 10 10 per^^i^ jO — 

iiLX- is nxidc by ninnlKT tu •' LitcraUiie ciio.!-'' l'- y--t- ■' ' 


Rfjtri-i 



Influence oj Barny ard Manmc on Soil SarJenn 


^ent. With soils less rich in humus a somewhat hHitr n 

was necessary to retard oxidation to any markedV.Rrer'’"f 
soil the coarse manure tended to cause the surface soil to d" * 
flue manure prevented evaporation. King (25) ob*rr ed 
land contained more moisture throughout the year than '’’“’'ted 
and this was redected upon both the bacteria and the crop ^'”1“ 
themselves may play a small part in this dilTcrcnce in inoistorer 
was shown by Stigell (42) who found that bacter.a decreased ,he“;od 
of evaporatton of ™ ter from Petr, dtshes. Htltuee and Stunner ' “ 
clatnied that the addition of manure to a soil brought about a mart 
increase in the number of bacteria. The temperature, cultural methods 
and crop had an influence, but it was not nearly so pronounced as tha^ 
produced by the manure. Dafert and Bolliger (S) staled that the differ 
ence in moisture did not have to be great to produce a great chance in 
the oxidation going on m the soil, for a distinctly measurable difference 
was noted when the moisture varied 1 per cent. 


Brown (4). in a study of the influence of manure on the bacteria! 
activities of a loam soil, found that applications of manure up to 16 tons 
per acre increased the number of bacteria and also the aramonifyin^ and 
nitrifying powers of the soil. The greatest increase in the processes 
was brought about by small applications of manure, 8 to 12 tons to the 
acre. He observed a close relationship between the ammonifying powers 
of the soil, the bacterial content, and the crop produced on the soil 
Temple (44) stated that the addition to a soil of to tons of cow manure 
per acre greatly increased the number of bacteria in the soil, but that a 
greater increase occurred when a sterilized manure was ajiplied. This 
however, is not in keeping with the results obtained by other iiiyestigaiorsi 
for Hellstrom (22) concluded that manures possessed a fertilizing effect 
aside from the quantities of fertilizer constituents contained ° viihin 
them; and this, he claimed, is their great bacterial content. And Stoltlasa 
{43) found that manure increased the bacterial content and activity of 
a soil and was greater with small, frequent applications of manure than 
with large applications made at longer intervals. Moreover, I.ipraan 
and others (31) observed that the bacteria conveyed to soil in small 


quantities of inamire were valuable in bringing about a more rapid decom- 
position of a green-mauiire crop, while Hriscoe (3) said that a direct 
relationship exi.sted between the organic matter added to a soil and 
t e bacterial count and that a light drcsismg of manure with green 
manure produced a marked effect upon both the crop and the bacterial 
wunt. Bacterial cultures added with the green manure gave just as 
pronounced an effect as did the stable manure. Lemnierraann and 
inecke (29), however, obtained no increase on adding stable manure 
green manure. This niav be due to tlie different kind of manure 
, for Emmerich and others (lo) claimed that a more favorable effect 
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was obtained from the use of well-rotted manure than fresh manure 
This, ttiey claimed, was clue to the production ill the latter of formic 
acetic, and butyric acids, indol, skatol, and hydrogen sulpliid, 
are toxic to the plant. Under some conditions the large quantities of 
carbon dioxid liberated from the rapidly decomposing fresh manure 
may he valuable in rendering soluble plant food. Boruemann (2) found 
that soil constantly supplied with carbon dioxid through a pipe buried 
in the ground gave an increase in yield of 12.2 per cent over the crop 
grown on untreated soil. Wolhiy (52) has shown that manure greatlv 
increased the carbon-dioxid production in a soil. 

Moll (33) claimed that the season of the year and not the kind ot 
fertilizer used, nor even the weather conditions, is the principal factor 
in determining tlic peptone decomposition, nitrification, and nitrogen 
fixation of a soil. According to Wohltmann, Fischer, and Schneider 
(51), animonification, nitrification, and nitrogen fixation were all more 
or less increased by the application of manure. Lipman (30, p, 135) 
found that the peptone-decomposing power of a soil was greatly increased 
by tile application of manure. Heinze {21) found that manure wis 
especially beneficial to the nitrifying organisms. W aritiglon (48) reports 
that much more nitric nitrogen was found in the soil of plots wiiich had 
received annually for ,38 years a dressing of 14 tons of manure to the 
acre than in any of the other manured or unmanured plats. While 
Stevens (39) found that nitrification was mucli more active in manured 
than in unmanured soil, Frankfurt and Duschechkin (14) observed an 


increase in nitrification only on those manured plots on wliich the licld 
had increased, k'elbel (4ti) has shown that the chief factors controlling 
nitrification in fallow soil were the humus and the humus-nitrogen con- 
tent of the same, the nitrification having increased directly with the 
humus, I Ic noted, however, a certain amount of denitrification at first, 
but later in the summer nitrification became more rapid on the manured 
tliaii on the unmanured soil, the clTect of the manure being still per- 
cciniblc after four years. Some incestigators ( 23 . 3fi. 5°) have re- 
riorted a reduction of nitrates, but the quantity of iiimuire applied 
was excessive, or else of a very coarse nature, or the soil very i»orly 
aerated. Bartliel (i) found that nitrification did not take place m t e 
presence of solulrlc organic matter, but he considered it milikelv t.ia 
sufficient rpiantitics of soluble organic constit.itents occurred m norma 
agricultural soils to interfere greatly with nitnlicalion. ^''kleuski ) 
claimed ttuit nitrification occurred in solid stalilc mamue w le 
was not mucli liquid present. He stated that on tue first da>^ 
nitrile bacteria were present and at the end o lour 
10, <000 per gram. Associated with these were nitrate hacter^^^ 
were identical witli those isolated by W mogradsky . . 

however, was unable to find many nitrifying bacteria in iiiati 
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Many of the cases in which individuals have reported p 
of nitrates in soil are due to synthetic reactions, the 
up into complex proteins. For Gerlack and Voeel t, 1 
there are several varieties of bacteria in the sod •.vhidi p 
of converting anuuonia, nitptes, and nitrates into insohiirptlt™’"" 

The processes of arnmomfication, nitrification, and nitrone 1 
being due to the action of micro-organisnis, are iinimaidv " 
rvith the moisture content of the soil; hence, we find in ,na, 
is the limiting factor. Guisliniani (16) found in sandv sr,il 'th'J T 
rapidity of nitrification of ammonium sulphate was directlv prononio ’ 1 
to the amount of moisture present when this r aried from / 

While Roche (38) has shown that irrigation suppbing from 
cent of water to a ^il furnished the most favorable conditions'for nitrilt 
cation, Coleman (7) found tntrificatimi most active in a loam soil iviti, i 
moisture content of 16 per cent. It was greatly retarded when the , valor 
content was reduced to lO jier cent or raised to 26 fier cent It is 1 
interesting to note that he found that with a high moisture content solu” 
ble organic matter became injurious to nitrification, 

The nitrogen-fixing organisms would also be infiueneed bv the water 
content, as shown by Warmbold (49), wlio stated that wlien the water 
content went below 10 per cent tlierc was no nitrogen fixation and in 
some cases there was a decided loss of nitrogen. Krainski! (:;) said that 
nitrogen fi.xation was at its lieight in soils containing fairlv'sinail quan- 
titles of water. Later he (28) stated that the higher the humus content 
the larger the water content of the soil required for optimum nitrogen 
fixation. Increasing the organic matter 01 the soil was not found to 
increase nitrogen fixation, altliongh there was an increased bacterial 
activity. Hanzawa (18) found that the liumus of stable manure could 
be used as a source of energy by some iiitrogen-S.xiiig bacteria. 


PLAX OF EXrERI.MEXT 

The plan of the experiment is such tlial it can be divided into three 
parts. The first deals with the bacterial activities of a soil receiving a 
definite amount of manure and incasnred quantities of irrigaiion water 
and kept fallow in pots under v egetation house conditions. In this the 
moisture conicnt could be accurately maintained b\ the wceklv weighing 
and the replacing of lost nioislurc. The* variation in temperature .and 
moisture of this series would not be as great as it would be under field 
conditions. The second part deals with the bacterial activities going on 
in .1 soil under field conditions, the soil receiving known quantities of ma- 
nure and water but kept fallow. The third part de.als with soil of the 
same field under irrigated conditions and manurial treatment the same 
as the second part, but producing a crop. 
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COMPOSITION OF SOIL 

The investigation was conducted cither on soil from the Greenville 
Experiment Farm or on the farm itself, which is situated 2 miles 
north of Utah Agricultural College. The ^il represents a type 
in large areas in the Great Salt Take Basin. It is of a sedimeniarv 
nature, being derived from the weathering of the mountain rant>e 
near by, which consists largely of limestone and quartzite deposited 
by the streams as they flowed into the now extinct bake Bontiesille 
The soil is situated at the foot of the main delta thus formed and consists 
of fine sand and coarse silt of fairly uniform chemical and physical com. 
position to a great depth. The chemical and physical analysis of the 
soil is given in Tabic I. The chemical analysis was made according to 
the official methorls of the Association of Official Agricultural Chemists,' 
while the physical analysis was made by means of the Yoder soil 
elutriator, 

T.\bi.E T — Chcmkal and physkal lom position of tho. soil of theGrot:ni:iUc{l'ioh) i'xpiri- 
inent Farm 


Ch«iiical ci>mpo?it»oa- ji Physical cumpositif-n. 


C'lostimcui. I Percent. 

Insoluble residue 41-46 


Soluble silica 

Total 

Potash (K.jO) 

Sod.a (N'ajO) 

Litne (Ca*0) 

Majjnesia (MgO) 

Oxid of iron 

Alumina ( AI.iO^i) 

Phosphoric acid 

Carbon dio.^id (CO^j 

Volatile matter 

Total 

Humus 

Nitrogen .... 


^2. 08 

• 67 

• 

[6. S8 
6. 10 

.«;• 64 
• 41 
19- Si 
5- 60 
00. 60 


Constituent, 

Fcr cent 


0, 21 

9 - 

30- 04 







6. '25 

Chiv 





Specific gravity 

Afiparent specific gravity..,. 

2,67 

I' 23 

. 06 



The soil has been analyzed to a depth of lo feet and was found to lx 
very similar in both chemical and jilivsical composition to that given m 
Table 1. There were, however, slightly greater quantities of acid-snluble 
material in the lower foot sections. The humus and nitrogen oi the 
deeper soil was slightly less than in the first foot. The physical compo- 
sition is practicallv the same to a depth of lo feet. The soil is e.xceplioii- 
ally rich in phosphorus and potassium, but low in nitrogen and liumu.^ 
The calcium and niagnesinm contents are exceptionally lug i am o ^ 
may conclude that for this reason the soil is unproductive; but JiM ^ 
reverse is true, for the soil is very fertile and even with its Ion nitro„i 
and humus content produces excellent crops. 


^ Wiley, 
Chem lists. 

107 (lev.). 


H. W.. itl. Oflirial anti provisional mcthtnls of analysis, Assot-ialion of Cht’i'u lidl 

As compiled by the ojmmiltcc on n-vision of mcthotls- U. b. Uep • - • 

27 a p., 1362 . Reprinted 
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MblHOU OF sampunc, thf son, 

All possible precautions against the contamination of „„ 
another were taken in collecting them. The surface soil tTT,' rt 
of half an inch was scraped off by means of a slenlt spade \ I ^ 
inches deep was dug, and a slice of soil to this depth uas tohen'fe 
side of the hole and placed in a sterile mixing pan This pro ^ 
repeated from four or five places in the field and then the f 

pan carefully mixed by means of a sterile spatula. From this comno ip! 
sample a representative portion, atout 5 pounds of soil, was placed in 
sterile ore sack and conveyed to the laboratory for analysis 
Before each sampling, the spade, mixing pan, and spatula were all 
carefuUy sterihzed by heat from a plumber’s torch, thus preventing tii • 
transfer of organisms from one soil to another. The samples °wero 
immediately transferred to the laboratory, partly air-dried in the dark 
and then ground in a sterile mortar, all coarse rock being removed The 
analysis was begun in all cases within 24 hours of the time of taking 
samples. ° 

METHODS OF SOIL A\'.A.LYS 1 S 


The number of organisms were determined by growing on modified 
synthetic agar having the following composition ; 

1,000 c. c. of distilled water. 

10 gm. of dextrose. 

0-5 gm. of dipotassium phosphate (KjHPOJ. 

0.2 gm. of magnesium sulphate, (MgSOi). 

2 gm. of powdered agar per loo c. c. of media. 

After the samples of soil had been carefully mixed h\ shaking loo gm. 
were weighed on a sterile watch glass, using a small sterile spatula. This 
soil was transferred to 200 c. c. of sterile water and shaken for one minute, 
I c. c. of this suspension transferred to 99 c. c. of sterile water, and the 
dilution continued with 9 c. c. of sterile water. The plates were made 
so as to give a dilution of i to ao.cnx) and 1 to 200,000. They were 
incubated at 28‘’ C. for four days and then counted. Xo attempt was 
made to differentiate between bacteria and molds, but all were listed 
together as total numbers of colonies. 

The ammonifying power of the soil was determined bv weighing loo- 
gm, portions of the soil and 2 gni. of dried blood into sterile tumblers and 
covering them with Petri dishes. The dried blood was thoroughly 
mixed with the soil by means of a sterile spatula and the water content 
made up to 18 per cent with sterile water. The samples were incubated 
at 28° to 30° C. for four days and the ammonia determined by transferring 
to Kjeldahl flasks with 250 c. c. of distilled water, adding 2 gm. of mag- 
nesium oxid and distilling into X/io sulphuric acid. The determinations 
'vere all made in duplicates and compared with sterile blanks. 

"ihe nitrifying powder of the soils was determined in tumblers, like 
tie ammonifying power, except that thev were incubated for 21 da\s. 
^ moisture content was made up weekly to the initial iS per cent. 
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At the end of the incubation ijeriod each soil was transferred witli 250 
c. c. of distilled water to a i-pint Mason fruit jar. Two gm. of poivdrrecl 
lime were added and the jar placed in the shaking machine for to miimtes 
after which it stood in the closed jar until clear. This never rerpiired over 
two hours. At the end of this time an aliquot part, loo c. c., was meas- 
ured into a flask and the nitrates determined by the aluminum reduction 
method (5). 

The nitrogen-fixing powers of the soil were made by weighing 5-gtn. 
portions of the soil into 500 c. c. Erlenmeyer flasks containing too c. c. of 
Ashby solution. These, together with sterile blanks, were incubated lor 
18 davs and then the total nitrogen determined by the Kjeldahl method. 
All determinations were made in triplicate. 

POT experiments 

Dry soil, to a depth of 12 inches, was taken from one of the nnraanuted 
plots of the Greenville Farm and very careftilly mixed and used as the 
soil for the pot experiments. This soil, together with the required quaii- 
titv of well-rotted barnyard manure, was packed into Ihe pots, Moisture 
determinations were made upon tlie mixtures and then sufficient water 
added to make up to the rociuircd moisture content. The pot and 
contents were weighed and the moisture content made up weekly I0 the 
initial content. The pots wcie kept on shelves within the building for 
four mouths, and then the various delcrminations were made on each 
sample as outlined. The temperature of the soil was taken each lime 
before making it up to the moisture content. 'I'hc manure was applied 
at the rate of none, 5, 10, 15. an, and 25 tons to the acre. An acre of soil 
was considered as weighing 2,ooo,<.xHa pounds. Each ton of the manure 
contained 738 pounds of drv matter, 3.04 pounds of phosphorus, 1,3.70 
pounds of potassium, and 16.0K pounds of nilrogen. The moisture was 
kept at 12.5, 1,3, ly-.s, 20. and J2. 5 iicr cent by wei.glu. Duplicate pots 
were used in every case willi each specific trcatinent. .\t tlie end of the 
experiment three separate analyses made on each pot, so that each 
reported result is the average of six closely agreeing determinations. The 
results are given in Table II. 

The number of bacteria developing on svnthetic a.gar docs not seem 
to have been greatly influenced by the x arious treatments, AH counts 
are comparatively low. If, however, we average tlie results for all pois 
which received tlie same manurial treat uieut we find a gi cater 
developed from the soils which received 25 tons of manure to t .c acre 
than from any of the others, iloreox cr, there is an appreciable, dmeron 
in favor of those soils receiving from 10 to 20 tons per acre o\ei tie 
manured soil. The irrigation water apparently olepresses the num 
orivanisms, for the greatest number developed from soil receui.i^^^ 
least water; but here also the difference is not marked or regular. 
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average counts from the pots receiving the same q. ~ ~ ~ — " 
water are with 12.5 per cent of 4, 23 r, 

3,838,000; 17-5 por cent ot water, ,3,S83,a»r ^ ^ i ” '«it ,,1 u-^er, 

3,352,000; and 22.5 per cent of water, '3, P" of water, 


Table II.— A'iibiSw 0/ baclena dn-chj,:,,.;/ on srnllu tie o, , 
and nUric nihagm farmed m loo gm. of roil and of n,ln^.!’7 ‘1 nmooia 

soluiton—pot experiments ^ “‘^ogcnpxcd m uxx.c. cf .\^h,hy 


Treatment. 

N'limliiT oi 
! ifilf.nic-. t,f 
j bucltria. 

j Q-nniii v 0 

ts/riijt'<]. 

i Qtiantiivii 

1 ''!!'!(• niifti- 
j /"f-u foriutd 

Itilrc.fii 

li.'it’ii. 

12 ^percent of water; no manure. . 

IJ.5 per cent of water; 5 tons of ma- 

0» 530;0C0 

Mi;:. 

! 3 <i ''5 

1 3 ’ 36 

.V ;i)i, 

9,9 

12.5 per cent of water; 10 ions of 


1 9 

1 

1 

10.3 

12.5 per cent of water; 15 tons of 


; •JS- 5 

78, 05 

JO, 19 

J2.5 per cent of water; 20 tons of 


49-1 

88-55 

(). (j 4 

12.5 per cent of water; 25 tons of 


49-6 

115,00 

10, 15 

r«; per cent of water; no manure. 

15 per cent of water; 5 tons of manure 
15 per cent of water; 10 of nia- 

31360.000 

3.300.000 

60.3 

37-6 

43-3 

” 0-53 
4.90 
67. 90 

9 ' 7,1 

10, ly 
lO’ 33 

i5 per cent of water; 15 tons of iiia- 


49.0 

84. 87 

n. 50 

IS per cent of water; 20 loii.s of ma- 
mtre 

3, 720,000 

Si.o 

IIO. 55 

n.90 

15 per cent of water; 25 tons of ma- 
nure 

57-1 

74. 8 
37 ’ 4 

113. 42 

11. 02 

17.5 per cent water; no manure. .. 

17.5 per cent of water; 5 tons of ma- 
nure 

3, fioo, coo 

117.25 

3-49 

10, O' 
10. 57 

17.5 per cent of water; 10 tons of 
manure 


48.5 

48.6 

75.60 

10. 30 

1;.5 per cent of water: ir tons of 
manure 


SS. 21 

II. 46 

j; 5 per cent of water: 20 tons of 
manure 




0. 59 

17 5 per cent of water; 25 tons of 
manure 

20 per cent of water: no manure 

20 per cent of water: tons of manure . ' 
20 per cent of water: lo tons of manure . 
20 per cent of w alcr : 15 tons of m.anure . 
20 per cent of w ater: 20 tons of mamire . 
2oper cent of w-afer: 2 r tnnsof manure 
22.,i per cent of water.' no manure 

22.5 per cent of water: 5 tons of u,a- 
nure. 

4. 4'6o. 000 ' 
3. 330. 000 1 

2. coo j 
4. c:o. 000 

3. 430. 000 

3. 23c. 000 ! 

230. coo ; 

3. 730 . 000 

60. Q 

35. 8 
to. c 

6u. : 

{>;. 0 ' 

36. 2 ; 

\ i 

III. So 

124. 4C 

4. 10 : 

7 \'l 4 I 
106- 3 * ! 
113, 00 

123 70 i 

9. ()<) 

9 ' 

f). .1 3 
10. 3f) 

1 0. S i 

10. 46 
10. Oo 

10. t ; 

' maJ’um””' . 




10. :■ 


"1 




“f 

4, 530, 000 j 

?. 2&0. OCO ■ 

03. 1 

64. 6 

im. 30 

i-'fi. 6t 

10, 95 

10 
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Botli the water and the manure applied make a marked difference in 
the ammonifying powers of the soil. It is lowest in those pots which 
received no manure and gradually increases when 5, 10, 15, 20, and 25 
tons of manure are applied. The water likewise has a noticeable effect 
on the ammonifying powers of the soil. In the unmanured soil it in- 
creases until 20 per cent of water is applied, at which point it reaches 
its maximum. When more than this quantity of water is applied, the 
ammoniheation is retarded. It is not as great when 22.5 per cent of 
water is applied as in the presence of only 12.5 per cent. Similar results 
are obtained when various quantities of water are applied in the presence 
of 5 tons of manure per acre. Here the influence of the water is much 
more pronounced than it is in the absence of manure. It reaches its 
maximum effect when 20 per cent of water is applied. In the presence 
of 10 tons per acre of manure the higher percentages of water have much 
greater influence on the anitnoiiifying powers of tlie soil than do the lower 
percentages of water. In the presence of 20 tons of manure the water 
also exerts a great influence, but here the higher percentages produce a 
depressing effect, which becomes very perceptible in the pots which have 
received 25 tons of manure to the acre. It is interesting to note that 
wdth 25 tons of manure 15 per cent of water gave belter results than 
either higher or lower percentages of water. It is quite possible that the 
higher water content in the presence of large quantities of organic matter 
produce anerobtc conditions which are not fully compatible with the 
best bacterial activities. The results are brought out more, fully in 
figure T, on the horizontal line of which is given the percentage of water 
applied to the soil, while on the perpendicular line is given the milligrams 
of ammonia produced in 100 gni. of soil. 

If we consider the average quantity of ammonia produced in the 
unniaiuired pots as too per cent, that produced on the various manured 
pots becomes, with 5 tons. of manure, 122 per cent; with 10 tons of manure, 
X40 per cent; with 15 tons, 152 per cent; with 20 tons, 160 per cent; and 
with 25 tons, 181 per cent. The average increase per ton of manure 
applied is greatest when 5 tuns to the acre are applied and becomes 
gradually less as the quantity of manure applied becomes greater. If 
we consider the average percentage of ammonia produced in the soils 
receiving 12.5 per cent of water as ioc», then the soil receiving 1 5 per cent 
of water produced no per cent; the soils with 17.5 per cent of water 
produced nr per cent; the soils with 20 [ycr cent of water, 123 per cent; 
and those receiving 22.5 per cent of water produced 119 per cent of 
ammonia — a gradual increase in the ammonia produced until the quantity 
of >vater applied exceeded 20 per cent. 

The application of manure to a soil produces a verv great increase in 
the nitrifying powers of the soil. The quantity of nitrates produced 
is very low in the soil receiving jio manure but is greatly increased with 
the application of manure, even with so large a quantity as 25 tons per 
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appbed up to 17.5 per cent. Above this it l,as a slivlu 1 
upon nitrification, probably caused by the production nf 
dition. but even with the highest perceat4r^™ “ 
of manure there is nothing in the results obtained ivhieirwould i,n 
that denitnfication bad taken pW. results arc brou. “ 1 

clearly m figure 2,,n ivb.eh is indicaM on the horizontal Hue P, 



ceiUage of water and on the perpendicular line (he niilligrains of nitric 
nitrogen produced in loogm. of soil. 

If we lake the average of the nitric nitrogen produced in the unnia- 
nured pots as loo, then that of the manured pots becomes uith 5 tons 
of manure, 1,211 per cent; with 10 tons, 1,762 per cent; 15 tons, 2,240 
per cent; 20 tons, 2,405 per cent; and 25 tons, 2,540 per cent. The 
greatest increase per unit of manure is produced when 5 tons oF manure 
are applied. The water applied also produces a gradual increase, but 
here likewise the greatest increase per unit of water applied is greatest 
for the lowest application of water. 

The nitrogen-lixing pOAvers of all the soils are fairly high, but the 
influence of the water and manure is not as pronounced as it is upon the 
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ammonifying and nitrifying powers of the soil. The results as a whole 
indicate that the manure increases the nitrogen-fixing power of the soil 
and it is slightly higher when lo tons per acre of manure are applied to 
a soil than when any of the other quantities are applied. Even those 
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ber of bacteria a.ul nitrogen-fixing powers of the soil, whil^e^^ 
not as regnlar^ The apph^tron of manure prorluced no difierenc i u, 
temperature of tire so. 1 . The temperature of the manured and unn a ' 
soils averaged very nearly the same throughout the experiment Th 
temperature of the i«ts receiving the least quantities of water averaged 
I degree centigrade higher than the soils receiving the greatest nuanUtv 
of water. ^ ^ 

The relationship existing in the various bacterial activities of the soil 
is brought out best by taking the average of each set of pots receivd.u: 
the same quantity of manure and water. Then, if the bacterial activities 
of the pots receiving no manure and that of the pots receiving 12 - ner 
cent of water each be taken as 100 per cent and the others on a similar 
basis, we obtain a direct comparative value for each treatment The 
results so obtained are given in Table HI. 


Table III. Bacterial activities of the soil in the prMcttte of varying quantities of 
and niater— pot expcritnuils 


manure 


Treatment. ! 

i 

Bacteria. 

Ammooia. 

Nitric ni- 
Itoseji. 

Nltuiupn 

Ibccd. 


Per ant. 

Per ctntl. 



No manure 

100 

100 



5 tons of manure 1 

99 

122 



10 tons of manure I 

i III 

140 



15 tons of manure 

100 




20 tons of manure ! 

' lid 

160 



25 tons of manure 

U? j 

180 

2, 540 

lor 

12. s per cent of water 

100 

100 

100 


15 per cent of water 

90 

III 

iiS 


17.5 per cento/ water 

9 ‘ ' 

“3 

12 1 I 


20 per cent of water 

79 

123 

121 i 


22.5 per cent of water 

«7 

"9 

.33, 

108 


It will be observed that the manure increases the number of bacteria 
developing upon the synthetic media, while the water depresses the 
number developing. In neither case is the. regularity as great as could 
be desired. The ammonifying powers of the soil very regularly increases 
as the manure applied increases. The increase becomes less each time 
in a definite quantity as the manure increases. The water causes an 
increase in the ammonifying powers of the soil up until 20 per cent of 
water is applied; above (his it causes a decrease. It would have been 
very interesting and practical to have added greater quantities of water 
to find whether it would have continued to depress the ammonification. 

The quantity of nitric nitrogen systematically increases as the water 
and manure applied increase, and it may be seen, as woulil be expected, 
that there is a close correlation between the ammonification and nitrifi- 
cation. The nitrogen-fixing powers regularly increase up to 10 tons of 
manure per acre; above this they gradually decrease. The water tends 
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in all cases to increase the nitrogen gained. It will thus be observed that 
the manure applied increases the bacterial activities measured, while the 
water increased ammoniheation, nitrification, and nitrogen fixation, but 
depressed the number of colonies developing ui:K)n synthetic media 
This would seem to be a very vital point against the count method 
For we thus find a soil treatment increasing the main bacterial activities 
of a soil, but at the same time depressing the number developing in the 
laboratory. It would thus appear that the media used to make counts 
was better adapted for the development of organisms other than those 
,which take the greatest part in the nitrogen transformation in the soil 
On the other hand, it is quite possible that the increase in number mav 
not keep pace with the increased physiological efficiency due to the 
application of Avater and manure. But this latter explanation would not 
account for the less number developing on the synthetic media. 

FIELD EXPERIMENT ON FALLOW PLOTS 

The fallow plots used in the field exi>eriments were 7 feet wide and 
24 feet long with a 4-foot walk between each two. The land was plowed 
in the fall, left over until spring, when a mixture of fairly well-rotted 
horse and cow manure was applied to the various manured plots. This 
was thoroughly disked or plowed into the soil. Water was applied to 
the plots from flumes as described in Utah Experiment Station Bulletins 
IT5 to 120. They were kept free from weeds throughout the year. 
The quantities of water and manure applied to the various plots were as 
follows; 

Four plots received no water and no manure. 

Two plots received 5 inches of water, but no manure. The water was 
in two equal applications. 

Two plots received 10 inches of water, but no manure. The water was 
applied in two equal applications. 

Two plots received 20 inches of water, but no manure. The water was 
applied in four equal applications. 

IVo plots received 30 inches of water, but no manure. The water was 
applied in six equal applications. 

Three plots received 40 inches of water, but no manure. The water was 
applied ill eight equal applications. 

All of the above were repeated with plots receiving 5 and 15 tons of 
manure to the acre. Hence, the series includes soils without mamirc, 
with 5 tons per acre, and with 15 tons per acre. The water appliini 
varied from none up to 40 inches both with and without manure. This 
does not, however, represent the entire water reaching the soil, for there 
was an average annual precipitation of about 18 inches, most of which 
fell between the months of October and May. The precipitation from 
May to November did not exceed 5 inches, which, of course, would be 
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umfonn for all plots. The plots had been treated sin,,> " 
igii in the manner described; the bacteriolorical analv J 
during the summer of 1914 and 1915. “ "'=■'= “ade 

The results reported in Table IV uiviiKr tt,„ „ 1, 

bacteria developing in four days on synttetic agaTrepresLun”'" 
^^^the average of a number of determinations ma.ie at tl,: d.:,:: 




Uiunba 
of deter- 

Treatmeut. 


Number ci( 

colonies. 

— 

tions. 


May j*. 

July 

Nov. IS, 

j Avwaiic, 

12 

6 

No water; no manure. . . 
5 inches of water; no 

3 > 475. 0*50 

j 13 , 500, 000 

4 , TOO, 000 

5, 692, ox 




1 7,600,00a 



6 

10 inches of water; no 


3, 700, 000 

4, 7 ^^') ox 



2,960, c»o 

j 12,900,000 



6 

20 inches of water; no 

3 » 700, 000 

6, 520, ox 




12, 600, 000 



6 

30 inches of w.ater; no 

0. 0 

3. 95'2> 000 

0 , 52 7 ,xo 




13, 800, 000 



9 

40 inches of water; no 


5, 700, 000 

7 i 937 >ooo 



5, 660, 000 

' 1 1, 860, 000 

3, 800, 000 


6 

No water; 5 tons of 

7 i 107, ox 




23,500,000 



6 

No water; 15 tons of 


4,300,000 

10,457, 000 




; 20,000,000 

4,800,000 

10, 833, ox 

3 1 

5 inches of water; 5 tons 





' 11,800,000 

6, 600, 000 

7, 467, ox 

3 ■ 

5 inches of water; 15 




5, 600, 000 

14, 200, 000 

11,200,000 


3 1 

10 inches of water; 5 

10. 333 . 0 W 3 


tons of manure 

4, 600,000 

19, 000, 000 

7, 600, 000 

10, 4X, ox 

3 

10 inches of water; 15 



6,000,000 

1 28, 000, 000 

4, ox, 000 

12, 667, OX 

3 

20 inche.*? of water; 5 




i 3 , 000, 000 

6,600,000 

9,633, OX 

3 

20 inches of water; 15 




4, 400, 000 


9, Sx, 000 

13,867, xo 

3 

30 inches of water; 5 




6, 200, 000 

21,200,000 

4,400,000 

10, 6x, ox 


30 inches of water; 15 

3 




tons of manure 

3, 600, 000 

29, 400, 000 

3, 200 , 000 

12, 067, ox 

9 

40 inches of water; 5 




4, 450, 000 

14, 066, 000 

5 > 933 . 000 

8, 150, ox 


40 inches of water; 15 

9 




Ions of manure 

4, 600, 000 

19 > 933 > 

6, 200, xo 

10, 244, ox 





It may be seen that the number of organisms arc comparatively low 
during the spring, in no case exceeding 8,000,000, while in July the niiraber 
becomes in most cases three or four times as many. In November the 
number developing is about the same as in May. This method therefore 
?ives a maximum count in midsummer. The spring samples were taken 
all frost had left the ground, while the fall samples were taken before 
55851®— 16 3 



Journal of Agricultural Research 


904 


''ol- VI, Xo. ,, 


there. occurred any very hard frost; consequently these numbers do not 
in any case represent the numbers found in frozen soil, which would 
probably be higher than any of the results herein reported. 



Tig. 3. — Curves of the number of colonies of bacteria developing from fallow soil with varyin?: quantities 
(»f manure and water. 


The results obtained for May show the unmanured soil to have few bac- 
teria present, while the number in the manured soil increases as the quan- 
tity of manure increases. The water apparently had no marked effect 
upon their activity; or if it had, it had been obliterated during the winter 
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months, in July much the same order occurs. The soil rccciviu- 15 
tons of manure per acre contains more bacteria than that receiving 5 kms, 
and this in turn has more than the unnianured soil. Here the iiinuence 
of the water becomes very marked, for there are many more bacteria in 
the soils receiving to, 20, or 30 inches of water than in tlie soils receiving 
either no water or 40 inches. The excessive quantity of water, ,40 incites, 
apparently checks the development of bacteria on the synthetic media. 

The same results, in general, are obtained for Xovemher as for Mav and 
July, and with the exception of the abnomial results reported, where 10 
inches of water were applied, the water has a pronounced clfect even as 
late as November. This difference disappears during the winter, for we 
find a more uniform condition existing the ne.vt spring. 

The average results for the unmanured soil sliow tliat more bacteria 
developed from the soil receiving 30 inches of water than from those 
receiving either more or less irrigation water. The maiiureil soil, on the 
other hand, gave a maximum count from the soil receiving 20 inehes of 
water. These differences are clearly brought out in ligure 3. On the 
horizontal line is indicated the quantity of water 3|)plied, while on the 
perpendicular is given the number of colonies which developed. .Vt the 
top of the figure are given the results tor the spring, while below this in 
the order named for midsummer, fall, and the average for the year. 

If we consider the average number of bacteria developing on synthetic 
media from the immauured plots as too per cent, those developing on the 
manured plots become, with 5 tons of manure, 147 percent, and with 15 
tons, 177 per cent, showing that in so far as numbers are coiicerned tlie 
•reatest effect per ton of niauure applied is produced by the addition of 
- tons per acre. If we average the unirrigatod plots and lake these as 
too per cent, the others become, with 5 inches of water, St per cent; with 
10 inches of water, loO per cent; 20 inches of water, 107 per cent, 30 
inches of water, no percent; and 40 inches of water, 91 per cent, llie 
maximum increase is apparently due to the application of 30 inches of 
irrigation water. Hut here, as was the case with the pot c.xpenm™ts, 


tlic results are not uniform. 

The same plots were tested for ammoiiilication, the results being given 
in Table V. In every case the result is the average of a number ol closely 
agreeing determinations and are given as inmigrains ot ammonia pro- 
duced in four days in loo gm. of soil containing 2 gni. of ne ooc . 

The ammonifying powers of the soil, as may l>e seen rom ^ ’ 
remain nearly constant throughout the season.. There is, o\\cver, a ^ 
vacation in the ammonifying powers of the different soi s n . 
Spring the ammonifying powers of the unmaiiurcd soi s arv, ow. 
quantity of ammonia formed in no case exoreds 57 in^m. ptT i o 
soil. The water applied apparently had no ixuceptible “P“ ’ 

the rate of amraonitication. The quantity of aminon.a pro _ 

soil receiving 5 tons per acre of manure is much ug ler la 
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duced by the unmanured, and the addition of water up to lo inches pro 
duces a beneficial effect. The great effect, however, is noted on those 
soils which receive 15 tons of manure per acre. Here, also, the ammonU 
fying powers are accelerated by the application of irrigation water up to 
10 inches. Above this there is a depressing effect just as was noted in th^ 
pot experiments and can very likely be accounted for on the same 
grounds. In midsummer the influence of manure is just as perceptible 
as it is ill the spring, and the influence of the water becomes much more 
regular, but still follows the same general trend that it did in the spring 
In the fall the manure is found to exert almost quantitatively the same 
effect as it does in spring and midsummer. The depressing effect of the 
larger quantities of water during this season of the year is not as great 
as it is earlier in the year. But even here the higher applications (20 to 
40 inches) cause a great falling off in tlie ammonifying powers of both 
the manured and uumanured soils. These results are brought out graphi- 
cally in figure 4. 

Table V . — Quaniity of ammonia (in milligrams) produced in four days in 100 gm. cj soil 
containing z gm. of dried blood—faliow plots 



Treatment. 


Quantity ol amiaonia. 


dettrnuQ&uoas. 

May li. 

July jj. 

Kov. 17. 

Average. 

13 

Ko water; no manure 

5*-3S 

55- 52 

81. 00 

64,30 

6 

finches of water; no manure 

54- -S 

47.60 

77. 10 

5<), 82 

6 

10 inches of water; no ma- 
nure. 

5®- 99 

46.2s 

64.6s 

53.96 

6 

20 inches of M ater; no ma- 
nure. 

40 . s6 

44.63 

62,80 

52- .53 

6 

30 inches of water; no ma- 
nure. 

46. 62 

44-3'^ 

Cl. 70 

50, 87 

9 

40 inches of water; no ma- 
nure. 

49.87 

42.83 

63.97 

52.22 

6 

No water; > tons of manure. 

73-92 

71. 00 

77. 70 

74’ .51 

6 

No water; 3 3 tons of manure. 

92.65 

82. 95 

82, 2:; 

85.95 

2 

5 inches of water; 5 tons of 
manure. 

81. 09 

58,30 

88. 70 

76, 03 

3 

5 ineiicsof water; i5tonsof 
manure. 

116. 55 

97. 60 

92. 00 

102. 05 

3 

TO tnchesof water; 3t(m.sof 
manure. 

96. 29 

76.30 

93. 80 

6,8. ;t, 

3 

10 inolicsof water; 13 torisof 
manure. 

129. 20 

118. so 

112. 00 

I T 9 , go 

3 

20 inches of water; 5toti5of 
manure. 

86. 79 

70. 00 

89. 60 

S2, 13 

3 

20 inches of water; 15 tonsof 
manure. 

III. 59 

io8, 5 

106. 6 

loS, 89 

3 

3 

30 inches of water; 5 tonsof 
manure. 

30 inches of water; 15 tonsof 
manure. 

82. 45 

1 12. 63 

70.40 

79. go 

105. 80 

109. 2 * 

9 

40 inches of water; 5 tons of 
manure. 

98. 78 

79 - 47 

90. 50 

89. 5S 

9 

40 inches of water; 15 tonsof 
manure. 

106. 51 

91. 63 

100. 33 

gg, 49 
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Fio. 4. — Cun-esof tlicammomJ^'ing powers of fallow soil with varj iag r,uaniii;cs 
of manure and water. 
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If \ve take the average quantity of ammonia produced in the uiiraa- 
nured soil as 100 per cent and compare this with that produced in the 
manured soil, wc find those soils receiving 5 tons of manure produce 147 
per cent and those receiving 15 tons produce 188 per cent; or the average 
increase per ton of manure applied is twice as great when 5 tons are ap- 
plied as when three times that much is used. 

Considering the average of the soil receiving no irrigation water as 100 
pier cent, the others then become with 5 inches of water, 106 per cent; 
with 10 inches of water, 117 per cent; 20 inches of water, 108 per cent; 
30 inches of water, 106 per cent; and 40 inches of neater, 108 per cent. 
The greatest increase in ammonifying powers results from the application 
of 10 inches of irrigation water. 

The nitrifying powers were determined as previously outlined, and the 
results reported in Table V I represent milligrams of nitric nitrogen formed 
during 21 days in too gm. of soil containing 2 gm. of dried blood. The 
results as reported are the average in each case of a number of determi- 
nations taken during two years. 


Taple 


Yi nitTogen {in wiUtQTQms) produced in 2i days in loo gm. 

of soil to -.finch had hem added 2 gm. of dried blood— fallooj ploU 


Number 
of <ic- 
tcrmifia- 
tionfo 


Quantity 01' nitric nitrocen, 

TroAiineut. 


July *5. 

Xo\'. IS. 

Average, 




16. 36 

2. 16 

6, 66 

6 

6 


1 40 

1 1. 90 
13- 85 
13-30 

9. 27 
5-37 
10.32 
40- 43 
4. 20 

.88 



•97 

1-33 

1. 00 



I. 19 

1. 40 
1.05 

I- 47 

II. 90 

5-27 

3- ^9 
2-43 
4. 54 

6 



.89 

2- 15 

9 




30- 30 

?• 35 

27. 6c 



5. 19 

3 

3 

inches water; 15 toJis ot' m;iiiiirc 

io inches water; 5 tons of manure 

10 inches water; 15 tons of numurc 

i 75 

I. 47 
a. 63 

1- 23 

2- 53 
. 8S 

43. 20 
24.85 
26. 25 

31-85 
• 70 
15- 40 

11. 20 

26. 27 
9, 01 
14, 76 
6. 71 

3 

3 

20 indu s water; 1 5 tons nf manure 

40. 95 
2. 80 

r8. 90 
2. So 

20. 79 
2. 16 

3 



2t. 00 

46. QO 

23-47 

.n 


T. 19 

2. 63 

2- 33 

2. 22 

i. 


' 40 inches water; 15 tons of manure 

25. 7S 

33- ^5 

; 20. Liu 


All of these results will appear low when compared with those obUuned 
b-v man) other v.orkcrs, who report their results as milligrams of nitrates 
found. I'he nitrifying powers of all the soils arc low in the spring, bin 
become much higher in midsummer and fall back in autumn to about 
where they were in the spring. 

]:)uring the spring the nitrifying powers of the soil vary witli the manure 
applied. But the difFereiice existing between the manured and unma 
nured soil in no case is great. The irrigation water which had been 
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applied during the previous season exerted no effect uliich carried over 
the winter. In midsinumcr the nitrifying powers of the soil reair 1,,.^ - 
tons of manure are apirarently less than the soil rcaiving no manurt^ 
The plots receiving 15 tons per acre are much more active in uitrifyiiw 
dried blood than are the others. The lower applications of irrigation 
water apparently exert a favorable influence on all the plots, hut the 
greater applications exert a depressing influence. It is, however, no 
more marked in the heavily manured soils than in the others; thvietorv, 
if there be any denitrification taking place, it must be attributed to (he 
production of anerobic conditions by the water, and not due to the' 
manure applied. In November the beneficial influence of the 5 tons of 
manure applied becomes more regular than at any other time of the year. 
Here also the influence of the water becomes more perceptible. Taking 
the results as a whole they do not show the influence of either manure or 
water as well as it was shown by the potted soils; nor do they bring 
out the difference as clearly as it is brought out by the ammouification 
series. The relationship actually existing in the various treated soils is 
brought out graphically in figure 5. 

On the base line is indicated the irrigation water applied in inches per 
acre, tvhile on the perpendicular line is given the milligrams of nitric 
nitrogen produced in too gin. of soil to which 2 gm. of dried blootl had 
been added. Taking the average nitric nitrogen produced in the unma- 
nured soil as too per cent, the soil receiving 3 tons of manure becomes 
105 per cent, while that of the soil receiving 15 tons becomes 4S6 jx'r 
cent ; or the average increase per unit of manure applied is much greater 
when 15 tons of manure are applied than when only 5 tons are applicil. 
In this respect it differs markedly from the ammonification series. 

Taking the average of the unirrigated plots as too per cent, the irri- 
gated plots then arrange themselves in the order— 5 inches, 94 per cent; 
10 inches, 75 percent; 20 inches, 83 per cent; 30 inches, yd percent; and 
40 inches, 65 per cent. In every case the average for the season on all 
plots shows the water to have a depressing influence upon nitrification. 

FIELD experi-Ments os cropped plots 

The same number of plots, arranged and treated exactly the same as 
those in the preceding part except that they were cropped, were sampled. 
These had grown com continuously since the spring of 191 1. They w ere 
sampled at the same time of the year, and bacterial counts made as was 
done on the fallow soil. The average results are given in Table 4 II. 

These results are very similar to those obtained on the fallow soil. 
The number of organisms obtmned is sflgiitly lower and we do not lind 
as great an increase during the summer months as we do on the tallow. 
The count as obtained in the spring is low' for the uiinianured soil, 
higher for that receiving 3 tons per acre of manure and still higher for 
the soil receiving 15 tons of inanurc. While the difference is marked, 



0^/WrA>/C Mr/!?OG£A/ AV^ODO'C^'O 


910 


Journal of Agricultural Research Voi. m, j;„ 




.,,5 Influence o f Barnyard B^aena . 

it is not as pronounced as it is in the fallow s<,il Th 
order is seen during spring and fall, but in the fall tf "a'T 
greater in degree and more regular than in the earlier ,nrt ri " 

The application of irrigation water produces an increasli\4h tl T"' 
applications, especially on the heavilv manured soil Th ' """ 

of this set as compared to the fallow can be accounted for 
by the error entenng m sampling, for in some cases tlie sanmle 7 
taken nearer a plant than in others and in the cultivation n H 
the tendency would be to leave the soil less liomonon • " u 
,1. ,.,™ p... r,„. 

time of sampling and elforts made to get representative sampler 1 . 
the results show that much more care must be taken on cropped ’tha 

in ilrr ''' " 

TabW VII.-Nan.ie, c/ cohma of bacMa f„,r days o„ yy.,l,.ytc .ja,- 


Number cf 



Vumher oi c<il<ui;«. 

— 

deter mi* 

Treatment. 





nations. 


May :v. 

Auc. 

Xov.S. 


6 

6 

No water; no manure . . 
5 inches of water; no 

4.300,000 

7, 300, 000 

4 . 000,000 

1 5, 300 , 000 

6 

manure 

10 inches of water; no 

4, 300, 000 

4 . 330,000 

2, 700, 000 

3) 817, 000 



5, 800, 000 

3, 950f0oo 

r, 800, 000 

3, 850, 000 

6 

20 inches of water; no 


manure 


6, 150,000 

X, 800, 000 

4 , 3 By,ooQ 

6 

30 inches of water; no 






2,000,000 


6 

40 inches of water; no 



3, 900, 000 




4, 700. 000 

5, 700, 000 


6 

No water; 5 tons of 





8. TOO. 000 

4,700,000 

3, 200, 000 

5, 400, 000 


No water; 15 tons of 

6 





TOO, 000 

*. dOO, 000 

2,200,000 



5 Inches of water; 5 tons 

6 







6, 300, 000 


2,900, 000 



5 inches of water 


6 





tons of manure 

8, Soo, 000 

6. 040 . 000 

6, Soo, oco 

7, 517, 000 

6 

10 inches of water; 5 




6, 100, 000 

6,300, 000 

7, Soo, 000 

^ . 

6 

10 inches of water; 15 



tons of manure 

' 6, Soo, 000 ! 

5, 800, 000 

4, 200, 000 

' 4,933,000 

C 

20 inches of water; 5 



tons of manure 

6. too. 000 

6, 350, 000 

4. 400 , 000 i 

4. 641;. 000 

6 

20 inches of water; 15 




tons of manure 

3, 900, 000 

4. 440 . 000 

4, 600, 000 


6 

30 inches of water; 5 






4. JOO, 000 

6. 900, 000 j 

2; 800. 000 

* ^1 ‘ • cv irt 

6 

30 inches of water; 15 

J-' 



5. Soo, 000 ; 

6. 900, 000 1 

3, 800,000 

4 , 500. 000 

6 

40 inches of water; i; 


tons of manure 

7, 600. 000 ' 

4, 450, 000 • 

4. 400, 000 

4. iS^, coo 

6 

40 inches of water; 15 





tons of manure 

3, 100, 000 I 

7. 000. 000 

7. Soo. 000 

6, C33, 000 
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If the average number of bacteria found in the 
,, too per cent, the soil receiving 5 tons of .1::’;;::. r 
per cent and that receiving 15 tons, .,9 cent Takinn^Tr""' 
bacterial count of the plot receiving no irrigation nate, " 
the others then become with 5 inches of water, ,00 „e'r 
inches of water, 104 per cent; with 20 inches, lor ,'cr cent ’ " ‘ 
inches. 94 per cent; and with 40 inches, 1 12 per cent With ' 
tion the irrigation water had increased the number of 1, acted’, inn"'"'’!' 

The same plots were analyzed on the sante dates for their' am.no, tiff 
ing powers, and the results are given in Table VIIT as .nilligrams ,! 
anmtoma pradu^d ,n four days ,n rotr gm. of soil, to which were added 
2 gtn, of dned blood. Each result is the average of a umber of closelv 
agreeing determinations. r 

Table 

cmimmng 2 gm. of dned Moed-ctoppei plots ^ - 


Number 
of def^r- 
miuatioas. 


Quauiiiv <, 
Auj, V. 




Nov. S. 


No water; no maniire 

5 inches of water; no manure. . . 
10 inches of water; no manure. . 
20 inches of water; no mantirc. . 
30 inches of water; no manure. . 
40 inches of water; no niinure. 

No water; 5 tons of manure 

No water; 1 5 tons of manure 

5 inches of water; 5 tons of 

manure 

5 inches of water; 15 ions of ; 

manure ! 

10 inches of water; ; tons of ! 

manure ' 

10 inches of water; 75 tons of ’ 

manure. ' 

20 inches of water; 5 tons of ^ 

manure ' 

20 inches of water: i? tons of ! 

m.anure ! ' 

30 inci)cs of water; 5 tons of 

manure 

30 inches of water; r> tons of 

manure 

40 inches of water; 5 tons of 

manure "! 

40 inches of water; 13 tons of 

manure .' 


54' 
48. ( 
50- 1 

48^1 


71. 69 ' 


91. ( 
61. < 


92. ( 
63. , 
06. ( 

97- - 
03. c 


44- .^4 
49- 64 
51- 17 
48-27 
45 OS 
5‘- 53 

(>7 - 15 

60. 69 
74-41 
70. 69 
S9- 93 
61.54 


67. 40 
91- 63 


46. 59 
4> 73 
44- 54 
39- 95 
36.^ 
37- 07 
5.3- 23 
68.85 

53- 27 
7.V 79 
61. 54 

Sr- 05 

56. 10 

S9.45 

7O. 16 
51. 01 
77. 20 


I Aversiii'. 

48. 39 

48. II 
48. 60 
47, 09 
43-<>3 
47. 16 
60, 07 
69. 23 

,-8. 06 
;9- 94 
64. 44 
■89. 99 
60. :6 
9?- 76 

59. 16 
96, 26 

60, "2 
S5--’3 


The ammonifying powers of these soils are lower, as an average, in the 
cropped than in the fallow soil. The average quantity of ammonia 
produced by the fallow soil was 79.43 nigm., while that produced by the 
cropped soil was 64.48 mgm. The variation due to seasonal differences 
IS not as great in the cropped as in the fallow soil, thus indicating that 
the influence of the season on the rate of aminonification is greatly offset 
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by crop and cultural methods. The variation between the differently 
treated soils during the same part of the year is qualitatively similar to 
that noted in the fallow soil. 

The influence of the manure is very pronounced throughout the entire 
season. The ammonifying powersof the uiiuianured soils are all low, while 
those of soils receiving 5 tons of manure per acre are higher. Those of soils 
receiving 15 tons of manure per acre are very high. This difference is 
probably slightly greater during the spring months than during the fall. 

The irrigation water applied is found to exert an influence upon this 
group of bacterial acthdties. ^^easured in terms of ammonification, the 
unmanured soils and those receiving 5 tons of manure per acre are 
benefited greatly by small quantities (10 and 20 inches) of irrigation 
water, while the soils receiving 15 tons of manure per acre have the 
highest ammonifying powers when they receive 20 or 30 inches -of water. 
During the spring it is greatest in those soils from plots receiving 30 
inches of irrigation water. Forty inches of water produce a marked 
depression in the aminonia formed, toeing pronounced in the soils receiv- 
ing 15 tons of manure not only in the cropped soil but also in the fallow 
and potted soils. It is clear, therefore, that large quantities of water 
applied to a soil rich in organic matter depress the beneficial bacterial 
activities of that soil. The fallow unmanured soils and soils receiving 
5 tons of manure per acre showed a slight decrease in the ammonifying 
powers of the soil, owing to tlie larger applications of irrigation water; 
but this docs not appear in the cropped soil and is probably caused by 
the removal of large quantities of water by the growing crop, so that 
enough water does not accumulate in the presence of these small quan- 
tities of organic material to Injure the ammonifying powers of the soil. 
These facts are brought out clearly in figure 7. 

If we take the average of the quantity of ammonia produced in the 
unmanured soil as 100 per cent, the others then become with 5 tons 129 
per cent and with 15 tons 183 per cent. Here the average increase per 
ton of manure applied is about the same whether 5 or 15 tons of manure 
be applied per acre. If the average of the plots receiving no irrigation 
water be taken as 100 per cent, the others then become with 5 inches of 
water 105 per cent; with loinches, iiqpercent; 20 inches, iiSpercent; 
30 inches, 112 per cent; and 40 inches, 109 per cent. It thus reaches 
its maximum when 20 inches of water are applied, while tlie fallow 
reached its maximum when onh* 10 inches were applied. This is a 
difference which is undoubtediv due to the great quantities of water 
removed bv the growing plant. The average increase per acre-inch of 
water, however, is greatest in the cropped soil where only 10 inches ot 
irrigation water were ap] 4 icd. 

The nitrifying powers of the same soils were tested by the method 
previously given, the results of such tests being given in Table IX 
milligrams of nitric nitrogen produced during 21 days in 100 gni. of 
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soU containing 2 gm. of dried blood. All the reported results are the 
average of two or more closely agreeing determinations. 


Table IX. — Quantity of nitric nitrogen {in milligrams) formed in 100 gm. cf soil 
containing 2 gm. of dried blood 


Xiiinhcr 
of deter- 


c 

tiinnLity of nit 

rk- nitrocen. 


niina* 

tions. 


May 10. 

Aug- 9- 

Nov, 8. 

•^veraje. 

6 

No water; no manure 

I. 50 

1-3.3 

0. 84 


C 

c, inches uf water; no iiuaiure.... 

3-47 

.81 

. 88 


6 

10 inches of water; no inannre . . 

2. 27 

■S6 


T 

6 

20 inches of water; no manure. . 

I. 05 

, • 50 

I. .85 

hi 

•71 
I- 31 

6 

30 inches of water; no manure . . 

I. 40 

•38 


6 

40 inches of water; no manure. . 

2. lO 

• 70 




1-65 
45- 32 



6 

•No water; ii; tons of mmiurc 

8.85 

52 

1.97 

27-2.^ 

8. c8 

6 

5 inches of water; 5 tons of ma- 
nure 

20.30 

• S3 

3-43 

6 

5 inches of water; 15 tons of ina- 
; nure 

46. 80 

2.66 

33- 65 


6 

10 inches of water; 5 tousof ma- 
nure 

4. 90 

•S8 

8. 4S 


6 

JO hichcsof water; 15 tons of ma- 
nure ' 

47-43 

2. 27 

32. 92 


6 

20 inches of water; stonsofma- : 
nure 

9.27 

•63 j 

2. 66 


6 

2oincliesof water; i5tonsof ma- 
nure 

53- 05 ! 

2. 17 

23. So 


6 

30 inches of water; 5 tons of ma- 
nure ' 

12.30 

.40 

2. So i 


6 

30 inchesof water; 15 tonsof ma- 
nure 

60. 25 

15.46 

4- 93 

26. 88 

6 

40 inchesof water; 5 tonsof ma- 
mirc 

18.57 

•45 

6-73 

S. 52 

6 

40 inchesof water; 15 tonsof ma- 
nure 

37 - 0,3 

I. 01 

14. 08 

•7.5S 


The nitrifying powers of tliese soils are iinifonnly higher in the spring 
months of the year than later. This occurs in all the plots, but tlie 
greatest difference is found in the heavily manured plots, due prol)al)ly 
to the application of large quantities of readily nitrifuible material in 
the manure, which is traiisfomicd later into soluble nitrates taken up hy 
the growing plant, removed in the drainage water, or transformed into 
complex protein substances within the bodies of various microorgan- 
isms. The results taken as a whole bear a verv great similarity to tliuse. 
obtained on the fallow soil. Tliev are, however, as were the counts and 
ammonif)-ing powers, slightly higher in the fallow than in the cropped soil. 

The nitrifying powers of the unmanured soil are low throughout (he 
year. The nitrates produced by the manured soil increase vitli the 
increase of manure applied. The greatest difference, however, exists 
between the soil receiving 5 and 15 tons of manure per year. In tie 
latter the nitrifying activity is extremely active in the spring months. 
This difference, while not as pronounced later in the year, exists through- 
out the season. 



t)i7 


sept. 4. »'« Influence oj Barnyard M amie on Soil Badci ia 

The irrigation water exerts a great influence upon the nitrilyi,,.. ,»rvers 
of the soil and this follows almost exactly the order followed by tlie 
aiiinionifying series. It is greatest when a niedimii amomu of water is 
applied, taut becomes injurious as greater <iuantities of water are applinl 
to the soil, especially with large quantities of organic matter. One could 
not conclude from these results that the quantities of water here applied 
in the presence of organic manure favor denitrilicatiori, hut it is certain 
that the conditions thus produced are not the best for tltc nitrate and 
ammonia-forming organisms, and it is quite likely due to the aiierobic 
condition produced by the excess of water. It is interesting to note that 
larger quantities of water are required on a cropped soil to c.vert this 
depressing influence than on a fallow soil. The results for this series are 
given graphically in figure 8. 

Taking the average quantity of nitric nitrogen produced in the un- 
manured soil as lOO per cent, the soil receiving 3 tons of manure tlieu 
becomes 453 per cent, while the percentage produced in the soils receiving 
15 tons per acre becomes 2,079.. Thus, an enormous increase is due 
directly to the applicalioii of manure to tlie soil. 

Taking the average quantity of nitric nitrogen produced in the soil 
receiving no irrigation water as too per cent, the irrigated soils produced 
with 5 inches of water, 126 per cent; with 10 inches of water, 99 ]iercoiit; 
20 inches of water, 104 per cent ; 30 inches of water, loS per cent ; and 40 
inches of water, 89 per cent — an unmistakable reduction in the nitrifying 
powers of soils receiving 40 inches of irrigation water. 


relationship in BACfERI.-lL ACTIVITIES I.V POTTED, CROPPED, AND 
VN'CROPPED SOIL 

If we use in every case the quantity of ammonia and nitric nitrogen 
produced and the total number of bacteria developing from the iin- 
manured in the one case and the uiiirrigatcd in the other as too per cenl, 
we have a direct com|)arisoii between the bacterial activities of the 
ously treated soils. The results so obtained are given in Table X, 

it: fki I'olU:! a)ui •.rol'k'-.-UciU 


variousK' treated soils. 

The 

TarLIs X.—Cotiipiir: 

on 0/ the bad 



Bvictfrii 



- — 


rots. 

low. 1 


Per ei. 

Per cl . ! 

N'o manure 

100 

100 

5 tonsof inaiiurc — 

9 Q 

144 

15 tonsof manure, . . 

JOO 

177 

Noirrigation water. . 

a ]oo 

TOO 

5 inches of water. . . 


Si 

Toiiuihesof water. . . 

•■qj 

J06 

20 inches of water. .. 

^ ;o 

107 

30 indies of water. .. 


116 

40 inches of water. .. 


91 

” 17 .^ prr rpiit applicti. 


Per el. 
TOO 

I’O ' 
100 

JOO 

lO-j 

lOo 


' A-* 
i 100 ; 
j I 


1 :; 

‘ iiq 1 


Fat- 
loA. 1 

Ctoiikn?. 

PotJ. 

Ft.l- 

1' 


Per cl. ■ 

Per d. 

per cl. ■ 

Per cl. i 

Per cf. 

100 \ 

ICO 

100 

100 i 


i 

1 iSS 

320 

I, 211 

105 i 

45.1 

iS's 

2. 2ao ' 

4S(> i 


■ ICO 

TOO 

<1 rcc 

100 i 

ICO 

i 106 

10* 

d ti8 

94 i 



I 14 

C 131 

75 ' 

99 


IiS 

rf 121 

S:; 1 

104 


JT2 


76 

ic6 

107 

loS 


65 

j ^9 


j-.e per cent api'-. 


r . 2 .Z per ciHil aj'plitril. 
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The results for manure show a rcnwrl'ahi^ .. v ~~ 

With one exception it has increased the bacterial wumTI throushoi.t. 
terial activities of tl.e soil and this is abont the order Zotnf 

~ - ■: 

The irrigation water applied apparently increases the baeteri,! 
tbefallow and cropped field soil but it apparently depres^s it in the “t ed 
soil. The ammonifying powers of all soils are „nit„n„lv increased 
increasing amounts of irngation water applied up to a certain application 
Above this there is a depression. Greater quantities of water must be 
applied to cropped than uncropped soil in order to cause this depression 
This is mainly otving to the influence of the plant upon the moisture 
content of the soil. 

The nitrifying powers of the potted soils are very tmiforni in showiim 
a beneficial effect due to the water. The cropped .soil is not so unifonn, 
while the fallow soil shows a depressing influence. These apparently 
contradictory results are quite likely caused by a difference in trcalmeo t 
for the water in the three different sets of soil may have been far from the 
same. 


rfxationships rktwegn^ bacterial activities and crop. 

PRODUCING POWERS 

The results herein reported, together with those published bv 
Dr. Harris (19) upon Greenville soil, make it possible to compare directly 
the crop produced on the soil as an average of five years with the bac- 
terial activities of the soil. This is done in figures y and ro, in which 
the bacterial activities and crop-producing powers of' the unmanured 
soil are taken as 100 per cent and each of the manured plots compared 
with this. In the case of water applied the bacterial activities and 
crop produced upon the soils receiving no irrigation water are taken as 
100 per cent and the others compared with this. 

An examination of figure 9 shows a remarkably close correlation 
between the crop produced and the baclerial'activities of the soil. The 
extent to which the bacterial count and ammonifying porvers of the 
soil are increased by the manure applied is almost quaiililalivel}- the 
same as the increase in the crop produce<l on the manured soil. The 
increase in tlie nitrifying powers of the soil is much greater than the 
crop increase due to manure, but they arc all of the same order. 

An examination of figure 10 reveals the fact that the application of 
5 inches of irrigation water increases in nearly the same proportion 
the crop produced and the bacterial actmtics of the soil. The average 
percentage for the crop is 112, while the total average bacteria! activi- 
ties is 1 13 per cent. The crop produced on the soil receiving 10 inches 
of water is slightly less than that produced on the soil receiving 5 inches 
■'w 851®— 16 — -4 
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of irrigation water. With the exception of the ammonia produced, the 
bacterial activities are not as high in the soil receiving lo as in the soil 

receiving only 5 inches of irri- 
gation water. The average 
percentage of the crop pro- 
duced on this is no, while 
the average of the bacterial 
activities is 102 per cent. The 
application of 20 inches of irri- 
gation water greatly increased 
the crop produced and also the 
bacterial activities, the crop 
produced being 127 per cent 
compared with the unirrigatcd, 
while using the same compari- 
son for bacterial activities gives 
108 per cent. The application 
of 30 inches of irrigation water 
causes a slight decrease in the 
corn produced and also in the 
bacterial activities of the soil, 
40 inches of irrigation water 
producing about the same crop 
as did ,30 inches. But it caused 
a slight falling off in the bac- 
terial activities of the soil, espe- 
cially in the nitrifying powers 
of the soil. Taking the result 
as a whole, we find that the 
bacterial activities of the soil 
and the crop-producing powers 
of a soil are both infiucnced by 
the application of irrigation 
water and this in the same di- 
rection and in about the same 
degree. These results tend lo 
indicate that the bacteriologi- 
cal analysis of a soil gives a fair insight into its relative 
powers, 'being especially true with regards to the ammomfymg and 
nitrifying powers of the soil. 

SUMMARY 

A calcareous soil kept in pots with varying amounts of nianurc and 
different percentage of moisture gave on bactenological analjst- 
eiid of four months the following results. 



bcinx expressed 0 
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Xhe temperature o{ the manured and umnanured averaged pracli- 
the same for the period, but the temperature of the soil with 12,5 

per 


ne - 

the same for the period, but the temperature of the soil wiih ij.5 
oer cent of water averaged i degree centigrade higher than did soils with 
2 5 per cent of water. The greatest number of organisms developed on 
^vnthetic media from the soils receding the greatest quantity, 25 tons, of 
^ iir#> There were more colonies developed from the soi 


thetic meaia iroru me sojis icLcivjug uic gicauesi quauuiy, ; 
^anure There were more colonies developed from the soil 
j2 5 per cent of water than from any of the other soils receiv 
quantities of water. 


receiving 
receiving higher 


I csvrey' s^/<v 

ixrr-rar^ora!»yi(f--rcinrr) 



jCiUL O jo/NCH£S 

MTOCArsce arnrATT/P 

F,G. oi .he 

The ammonifying powers of the 
applied up to 25 tons of manure per acre, te the , re 

ton of roamire was obtained “ as the water applied 

The ammonilving powers of ■ e ^ Tlie a.nniou'fving 

increased until no per cem " “It as high as were 
powers of soil receiving • - t r' the t-reatest increase pei 

those of soil receiving 20 per cent ol wa e . ' ^ j j2.j to 15 

unit of water applied was when the water was increased 

per cent of water. 
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The nitrifying powers of the soil increased as the manure and watei 
applied increased up to 25 tons of manure and 22.5 per cent of water. 

The nitrogen-fixing powers of the soil were greatest in those pots 
receiving at the rate of 10 tons of manure per acre. Increasing the water 
above 12.5 per cent but not above 22.5 per cent slightly increased the 
nitrogen-fixing powers of the soil. Nothing in the results indicated that 
the application of manure up to 25 tons per acre and of water up to 22,5 
per cent caused denitrification in the soil. 

Bacteriological analyses of fallow' field soil receiving none, 5 tons, and 
15 tons.of manure per acre and receiving none, 5 inches, 10 inches, 20 
inches, '^o inches, and 40 inches of irrigation water gave the following 
results. 

The maximum number of bacteria were obtained from the soil receiving 
15 tons of manure. The application of irrigation water up to 20 inches 
increased the bacterial count, being most noticeable in the soil receiving 
the greatest quantity of manure. 

If the ammonifying powers of the unmanured soils are considered as 100 
per cent and the unirrigated as 100 percent, the manured and irrigated soils 
then become with 5 tons of manure, 147 per cent; with 1 5 tons of manure, 
188 per cent ; 5 inches of water, 106 percent; 10 inches of water, 1 17 per 
cent ; 20 inches of water, 108 percent; 30 inches of water, 106 per cent; and 
40 inches of water, ro8 per cent. Large quantities of irrigation water 
produced the greatest depressing effect in the presence of 15 tons of manure 
per acre. 

The application of manure to a soil increases its nitrifying powers. 
The application of irrigation water to a fallow soil apparently depresses 
its nitrifying powers. 

Fewer organisms develop on synthetic agar from a cropped than from 
a fallow' soil. The application of manure to a cropped soil increases the 
bacterial count of the soil. The greatest number of organisms developed 
from the soil receiving 10 inches of irrigation water. 

The ammonifying powers of the cropped soils were slighth lower than 
similarly treated fallow soils, 'fhe application of 5 and 15 tons of manure 
per acre to a soil increases the ammonifying powcm of the soil. The 
application of irrigation water up to 30 inches increases the ammonifying 
powers of the soil. The greatest increase resulted in those soils rccei\ ing 
15 tons per acre of manure. The application of 40 inches of irrigation 
water to coni land, especially to that receiving 15 tons of manure per acre, 
depresses the ammonifying powers of the soil. 

The nitrifying powers of fallow soil were higher than similarly treated 
cropped soils. The application of manure to a cropped soil griatly 
increases its nitrifying pow'er. The application of irrigation water up to 
30 inches, especially to a soil receiving 15 tons of manure per acre, greatly 
increases its nitrifying powers. 
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There was found to be a direct relationship beUvcai the bacterial 
count, the ammonifying powers, the nitrifying powers, and the crop pro 
duced on a soil receiving no manure, 5 tons, and 15 tons of niamirc per 
acre. 

A close correlation was also found to exist between the bacterial 
activities of soil receiving vartring amounts of water and crop product 
upon tbe soil. 
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